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Feeding Livestock 
A. G. HOGAN 
In feeding livestock every producer tries to provide a ration that is both satis-
factory and inexpensive. There is no simple rule which will assure success in either 
attempt. It is possible, however, with the knowledge of feeds now available, to pro-
vide a ration that is most suitable and most economical under a given set of circum-
stances. 
COMPOSITION OF FEEDS 
The composition of a ration is of primary im-
portance. All common feeds, grains, hays, and com-
mercial by-products. such as bran. shorts. or tankage. 
have been analyzed many times and average analyses 
are readily available. The more important of these 
are given in Table 4 and a few examples are given in 
Table 1. 
TABLE 1 - SAMPLE ANALYSES 
Water Protein Nitrogen- Fiber Fat Ash 
free ex-
% % 
Corn 15.0 8.6 
Alfalfa hay 9.5 14.8 
Tankage 6.9 60.6 
tract 
% 
69.3 
36.6 
1.8 
% 
2.0 
28.9 
2.0 
% % 
3.9 1.2 
2.0 8.2 
8.5 20.2 
1 The discussion in this publication of feeds and feeding is 
necessarily brief. Those who wish to pursue the subject 
further should consult one or more of the following: Feeds 
and Feeding, F. B. Morrison; Animal Nutrition, L. A. 
Maynard; Allowances for Domestic Animals, Number~ I, 
n, III, IV, V, and VI, Reports of the Committee o~ A~lmal 
Nutrition, National Research Council, 2101 ConshtutlOn 
Ave. N. W., Washington 25, D. c. 
Many feeds, especially the roughal!es and protein 
concentrates. are highly variable in composition. The 
average analysis is a fairly satisfactory approximation 
but it may differ widely from the analysis of anyone 
individual feed. An analysis of a feed is of no value 
unless its meaninl! is clear. so a brief explanation will 
be l!iven. 
Water 
All feeds contain some water. The amount de-
pends on the length of time feed has been stored and 
on the amount of moisture in the air. If stored in a 
dry place for a sufficient time most feeds in Missouri 
contain about 10 percent of water. New corn usually 
contains considerably more. which explains why it 
is worth less than old corn when the quality in other 
respects is the same. 
Nitrogen-Free Extract 
The term nitrol!en-free extract includes a variety 
of substances. but ordinarily the only important one 
is starch. Sugars also are included. Though many foods 
contain small quantities of sugar compounds. only an 
exceptional few contain enough to be of any conse-
quence. Tables of analyses show that the vast majori-
ty of feeds contain more nitrogen-free extract. or 
starch, than anything else. The more important grains. 
such as corn. contain more starch than all other con-
stituents combined. This means that. with a few ex-
ceptions. the l!reater part of all the digestible nutrients 
consumed is starch. For all practical purposes this 
starch is the same as the corn starch we buy and it 
has the same feeding value. ' 
Crude Fiber 
Crude fiber is the least digestible part of a feed. 
It is found in larl!est proportion in hay and straw. 
Stems, such as corn stalks or corn cobs, contain the 
largest percental!e of crude fiber of any part of the 
plants. The leaves contain less fiber and the seeds con-
tain the least. 
This material is a mixture. One constituent of 
the mixture is lignin. The proportion in which lignin 
is present varies. A high proportion is undesirable 
because it lowers the coefficient of dil!estibility. Ma-
ture lespedeza is an excellent example of a forage that 
contains a high percental!e of lignin and is not well 
dil!ested. 
The most abundant of the other constituents is 
cellulose. When cellulose is separated in pure form. 
it has many important commercial uses. Cotton. linen. 
hemp and paper. are all forms of cellulose. Since 
crude fiber is only partly digestible its chief value in 
a feed is to supply bulk. Cattle. sheep. and horses. all 
require a certain amount of bulk in their rations. but 
large amounts reduce the intake of digestible nutrients 
and net enern. This. in turn. reduces the capacity for 
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work and production of meat. milk. or ejZjZs. Most 
concentrates contain less than 10 percent of crude 
fiber. Most roujZhajZes contain over 20 percent. Since 
there is no definite dividin,g- line between them. inter-
mediate percentages are often classified accordinjZ to 
their source. . 
Fat 
The fat of feeds is similar to fats from other 
sources. Fats of corn. cottonsed. flaxseed. and soybeans. 
are available as commercial products. They are liquids 
at ordinary temperatures. The fat of tankajZe is not 
markedly different from lard. 
Ash 
The ash of feeds is familiar to all. When wood. 
corn, hay, or any other feed is burned, ash (mineral 
matter) is left. A chemist could analyze this ash and 
find what it contained. He could then go to a drujZ 
store. buy mineral preparations such as table salt, 
lime phosphate. potassium salts. salts of iodine. and 
others, put them together, and have about the same 
mineral mixture that remained after the feed had been 
burned. These minerals are necessary for an animal. 
They jZive hardness and strength to bones. They are 
an essential part of blood. muscles. and all other or-
jZans of the body. No animal can live without mineraL 
and none can be healthy if not receiving enoujZh. 
Protein 
The constituent that should be most emphasized 
is protein, because it is the most expensive and most 
likely to be lacking in rations. This substance is vari-
able in appearance, is seldom seen in pure form, and 
is the least familiar of all the nutrients. Egg white and 
the curd that separates out from sour milk are chiefly 
protein and water. The fat-free soft organs of the 
animal body also are good examples. 
These proteins may be different in color and in 
texture, but they have one characteristic in common, 
they all contain nitrogen. For that reason the proteins 
are sometimes called the nitrogenous nutrients to dis-
tinguish them from the fats and carbohydrates which 
are called carbonaceous nutrients. 
Proteins have another property in common. 
When digested, they yield amino acids, about 20 dif-
ferent ones in all. When a protein is taken apart, 
amino acids are obtained; this is the process of protein 
dijZestion. When an animal grows, or secretes milk 
or when a hen lays eggs. it puts the amino acids back 
tOjZether again and makes a different kind. of protein. 
Ten or 11 amino acids are essential. By essential. . 
it is meant that animals are unable to manufacture 
them from any kind of raw material and they must 
be supplied in the feed. Ruminants differ from other 
animals in amino acid requirements and will be dis-
cussed separately. From a practical viewpoint it is 
important to remember that only three amino acids 
are likely to be in short supply: lysine. methionine 
and tryptophane. For example, corn is deficient in 
lysine and tryptophane. Cottonseed and linseed meal 
are deficient in lysine. Soybean oil meal is slijZhtly 
deficient in methionine. 
It should be emphasized that ruminants differ 
in amino acid requirements from animals with one 
stomach. The rumen contains countless billions of 
bacteria and other microorganisms which have im-
portant functions. They can digest and make avail-
able to the host animal an important portion of the 
crude fiber that enters the rumen. They also have im-
portant synthetic capacities and can manufacture all 
of the known amino acids. Some features of this pro-
cess are not well understood. Presumably. the bacterial 
flora can improve the quality of a poor protein. Protein 
quality is much less important in the nutrition of ru-
minants than it is in the nutrition of other animals. 
In addition. these bacteria are able to use urea and 
ammonia as raw material for synthesis of the proteins 
they must have for their own jZrowth. When these 
proteins. and the bacteria that contain them. reach the 
stomach and intestine they are dijZested. releasinjZ 
amino acids. The amino acids released are available 
to the host animal. At least one-third of the protein 
nitrogen normally required by ruminants may be re-
placed by urea or some other suitable source of nitro-
jZen. if the price justifies substitution. The composi-
tion of corn, a typical feed, is shown jZraphically in 
FijZ.l 
Fc»l:4.31"i====~ 
................ dra.le~: 73.4 
. Fig. l-Percentage composition of corn. 
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COMPOSITION OF THE 
ANIMAL BODY 
The basis of every or,gan in the body is protein. 
or protein and water for these two are always bound 
to,gether in a living animal. On the avera,ge we find 3 
pounds of water to 1 pound of protein. Protein is the 
chief constituent of dried lean meat. a clean hide. a 
clean piece of cartila,ge. or of any of the internal or-
,gans. It is the basis of even the bones. If a well 
cleaned bone is soaked for a few days in fairly stron,e-
acid. such as vine,gar. the minerals will be dissolved. 
leavin,e- a matrix of protein. a tou,gh rubbery material 
in which the lime phosphate had been imbedded. 
Every animal body also contains fat. In the new-
ly born animaL or in one that has been starved. the 
amount is small. In the excessively fat steer there may 
be 40 percent of fat. and in an overly fat ho,g there may 
be as much as 50 percent. 
A certain amount of ash also is present in animal 
tissues. Lean meat contains a little over 1 percent. "3," 
clean bone contains about 25 percent. Fig. 2-Composition of a barrow. 
I 
THE FUNCTION OF FEEDS 
Maintenance 
An animal differs from an en,gine in this respect: 
an en,gine requires no fuel while at rest. but an ani-
mal requires fuel every second of the day. whether it 
is idle or not. Even if a horse lies quietly in its stall 
it still requires a certain amount of fuel. The smallest 
amount on which it can exist is called its basal main-
tenance requirement. An additional amount of fuel is 
required for the ordinary activity of an animal. Thus 
an animal requires about 15 percent more fuel when 
standing than when lying and still more for any move-
ment it may make. The total amount of fuel required 
for an animal that is not used for production of some 
sort is called its economic maintenance requirement, 
or simply its maintenance requirement. 
In practice, the fuel for maintenance is a com-
bination of protein, fat and carbohydrate but carbo-
hydrate makes up the greater part because it is the 
cheapest. Practically all of the carbohydrate consumed 
by swine and poultry is nitrogen-free extract; how-
ever, approximately half of the carbohydrate consum-
ed by horses and ruminants may be crude fiber. Few 
feeds contain much fat, and the nitrogenous feeds are 
seldom used for maintenance because of the cost. All 
animals have a maintenance requirement and this 
makes up a considerable part, probably one-half, of all 
th~ feed they consume. It is seldom, however, that 
aOlmals are kept merely on a maintenance ration be-
cause usually they are fed at the same time for some 
productive purpose. 
Repair 
tn addition to the feed required for fuel, an ani-
mal requires a small amount for repair. The basis of 
the animal body is protein. As long as the animal is 
alive this protein is being slowly worn away. The 
nitrogen of this discarded part is carried away in the 
excreta. This waste must be repaired, and the only 
source of repair is the protein of the food. Even for 
maintenance then, the feed must contain a small a-
mount of protein. Ordinarily this is no problem, for 
almost any ration will supply all the protein that is 
required for maintenance. Small amounts of minerals 
are required for maintenance, but they are not a seri-
ous problem, for only the exceptional ration is de-
ficient in this respect. 
Growth 
Prote~n is the basis of all partsof the body and 
considerable amounts are necessary during growth. 
These nitrogenous feeds are the most expensive, so 
there is a temptation to feed too little. In practice the 
best amount to feed is governed largely by the mar-
ket price. The estimation of this amount is probably 
the most important problem in livestock production. 
A ration that contains a large percentage of protein 
is described as having a narrow nutritive ratio. 
Milk Production 
Since the chief food in the early stages of growth 
is milk, it may be taken for granted that feeding for 
milk production requires about the same precautions 
as feeding for growth. A brood sow must manufacture 
a large quantity of milk if she is to suckle a large litter 
successfully; so, in the first place, she must consume 
a large quantity of feed. If she does not there will be 
excessive losses in weight, and the milk flow will fall 
off too soon. The composition of milk is a good in-
dication of the kind of feed a milking animal should 
receive. Cow's milk has approximately the following 
composition: 
Water .... ......... . ........ 87.0 percent 
Protein ....................... 4.0 percent 
Milk sugar . .... .... . ... . . .. . . . 4.3 percent 
Fat . ... .... ...... .. . ......... 4.0 percent 
Ash ............ ... . . . ...... . 0.7 percent 
Nearly a third of the dry matter of milk is pro-
tein, and all this protein must come from the feed. 
The ration of a brood sow then must contain a high 
percentage of protein. Milk also contains a large per-
centage of calcium and phosphorus so the ration of a 
milking animal should contain a liberal quantity of 
these elements. If they are not supplied in the feed 
they will be abstracted from the bones and in severe 
cases this results in soreness, stiffness, and in fracture. 
Wool Production 
Though a special ration for wool production is 
seldom employed, the quality of wool is lowered if 
the animals that produce it are subjected to conditions 
unfavorable to health and thrift. Sickness of any con-
sequence is usually accompanied by weak spots in the 
fiber produced at that time. If sheep are underfed, 
wool growth. is reduced. Wool itself is nearly all pro-
tein. A shortage of protein in the ration will slow 
down the rate of wool production, even though there 
is no restriction on the amount of feed consumed. 
Fattening 
The composition of a ration for fattening may be 
the same as for maintenance, but it must be supplied 
in larger quantity. Any feed that can be used for ani-
mal fuel also can be used for fat production. Body fat, 
therefore, may be formed from protein, from cabohy-
date, or from fat originally present in the feed. Usually 
carbohydrate is the cheapest source, so, except in un-
usual circumstances, rations for fattening contain re-
latively little protein. Rations with a small proportion 
of protein are described as having a wide nutritive 
ratio, which means they contain relatively little digest-
ible protein in proportion to the other digestible nu-
trients. 
Evidently the more feed a growing or fattening 
animal consumes, the more economical its gains. As 
an illustration it may be assumed that a calf requires 
6 pounds of feed daily to maintain itself, when making 
TABLE 2 - ECONOMY OF GAINS 
Feed consumed daily, pounds--------6 
Feed used for maintenance, pounds - - - --6 
Feed available for gains, pounds-------O 
Increase in live weight, pounds-------- 0 
Feed consumed per lb. gain, pounds- - - --
9 12 
6 6 
3 6 
1 2 
9 6 
no gain. If the calf receives 3 pounds of additional 
feed or 9 pounds in all, it gains 1 pound in weight. 
If it receives 6 pounds of additional feed, or 12 pounds 
in all, it gains 2 pounds in weight. This means that 
in both cases every 3 pounds of feed .available for 
gains produced a gain of 1 pound in live weight. On 
the basis of total feed consumed, however, a gain of 
1 pound in weight required 9 pounds of feed in 
one case and required only 6 pounds in the other. The 
calculations are summarized in Table 2. 
For the most economical feeding it is necessary to 
have animals with a low maintenance requirement. 
Animals that are wild or excitable waste feed by taking 
unnecessary exercise. It is also necessary to have ani-
mals that can consume large quantities of feed. The 
chief difference between a good feeder and a poor one 
is found in the amount of feed above the maintenance 
requirement the animals are able to consume. 
Work 
The chief requirement in the ration of a working 
animal is for fuel, so in many respects the ration for 
work is identical with that for fattening. A large a-
mount of protein is not required, so the nutritive 
ratio is usually fairly wide. The ration of a hard work-
ing horse should not be too bulky, or he will not have 
time to consume it and secure all the rest he needs. 
TABLE 3 - - USE OF FOOD IN THE BODY 
Protein.-Builds and repairs 
May be transformed 
into fat 
White of egg 
Curd of sour milk 
Lean Meat 
Fat.-May be stored as fat 
Soybean oil 
Cottonseed oil 
Corn oil 
Lard 
Butter fat 
CarbohYdrate.-May be trans-
formed into fat 
Starch 
Sugar 
Mineral matter, or ash 
Calcium 
Magnesium 
Sodium 
Potassium 
Iron 
Manganese 
Copper 
Cobalt 
Zinc 
Phosphates 
Chlorides 
Sulphates 
Iodine 
Fluorine (?) 
All of these may be used 
as fuel to produce heat, 
and to do work 
Give strength to bone. 
Aid digestion 
Help make up red pigment 
of blood. 
Essential for every body 
process. 
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VALUE OF AN ANALYSIS 
An ana lysis of a feed gives the percentage of wa-
ter, protein, nitrogen-free extract, fat, crude fiber, and 
ash. It is possible to make a more complete analys is 
and find th e percentage of lime, phosphorus, iro n, 
iodine, and if necessary of other minerals. These an-
alyses are essenti al but there are other important fac-
tors co ncerning which the analyses give no informa-
ti on .. Th~y g ive no information concerning palatabili-
ty, Vitam in content, or the presence of injuri ous sub-
stances. A feed may have spoiled before it was cured 
or dried, and actually may be detrimental. T he ordin-
ary feed analysis does not determine these facts and 
makes no attempt to do so. 
Occasional complaints are heard that a feed has 
proven injurious to livestock. Even if a feed is injuri-
ous the chance of being ab le to prove it by analys is is 
very smal1.The unfavorable results reported are usual-
ly due to Sickness, or some un suspected cause. 
ESSENTIALS OF AN 
ADEQUATE RATION 
Protein 
Every ration must co ntain protein . All animals 
mu st have it and the o nly way th ey an ge t it is by 
consuming it in their feed. All feeds contain some pro-
tein. Straw contains very little, sometimes on ly 3 or 4 
percent. Tankage may contain 60 per ent ; so me of 
the special meals may contai n 80 percent. 
In th e calculation of balanced rations it is cus-
tomary to assume that all protei ns have th e same 
feedi?g value, though thi s is .not tru e. The proteins 
of mtlk have an unusually hIgh feeding value, and 
shoats fed skim milk require less protein than if some 
other protein supplement is used. The proteins of 
bones have a low feeding value, so if meat meal con-
tains a high percentage of bone, its value as a protein 
supplement is reduced . Occas ionally, the deficiencies 
of one protein may be remedied by mi xi ng it with 
a~o th er. He.nce a mixture of two proteins may have a 
higher feed1l1g valu e than either one alone. It is for 
t?is reason, chiefly, that many feeders like to use con-
sIderable variety in their rations. 
Total Digesti hIe 
Nutrients (Energy) 
It is common knowledge that a ration must con-
tain protein, fats, and carbohydrates. Each of these has 
specific functions in main taining a normal body. 
~here are other functions though that can be exer-
CIsed by any of th e nutrients mentioned. For these 
purposes they are, within limits, interchangeable. They 
can all be used to provide energy for maintenance, for 
work, or for fattening. A satisfactory ration, then, 
supplies the various kind of nutrients that are re-
quired, and it supplies them in the amount that is 
required. 
Minerals 
. Animals of all ages and conditions require con-
SIderable amounts of common salt, but the need is so 
well known that supplying it has become a universal 
custom. Whenever it is practicab le, sa lt sho uld be 
fed s.e parately and should be available continuously. 
Dunng rhe growing stage, minerals are as important 
as prOteIn , but fortunately they can be provided with 
much less ex pense. They are chie fly required for 
growth of the bone, and an adequate amount must be 
supplied if the bone is to be sound. Sound bone is 
the foundation of a sound animal. The kind of min-
erals in the bone, then, is an indication as to the kinds 
that should be fed in largest quantity. 
Calcium and Phosphorus. - An analysis shows 
that the most important minerals of bone are lime 
a.nd phosphorus, so these two must be supplied in 
liberal amounts to growing animals. The ratio of the 
amounts of calcium and phosphorus in feeds is some-
times emphasized and when a ration is deficient in 
vitamin D this is a point of some importance. How-
ever, when vitamin D is supplied in adequate amount 
the ratio of calci um to phosphorus is not highly im-
portant. One possible exception is in the horse. Some-
times horses are given a ration that contains small 
amounts of calcium and large amounts of phosphorus. 
The consequences are porous bones, various forms of 
unsound bones, lameness and disability. One of the 
effects of a deficiency of lime is illustrated in Fig. 3. 
With minor exceptions, the mineral requirements of 
animals in milk production are si milar to their re-
quirements during growth. 
So far as is known, calcium and phosphorus are 
the only minerals that require any special considera-
Fig. 3·-The bone on the right was taken from a sow 
reared on a ration deficient in lime. The wall of the bone 
is thin, porous, and weak. The bone on the l eft is from 
a normal sow. 
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tion in Missouri. Rations of swine cons ist ch iefly of 
concentrates, and as a rule this class of feeds is deficient 
in calcium . Skim milk and tankage are exceptions. 
The rations of ru minants are more likely to be defici-
ent in phosphorus. Few forages contain large amounts 
of this element and some do not contain enough. 
Finely grou nd limestone is the most econom ical 
sou rce of calc ium . Steamed bone meal suppli es' both 
calcium and phosphorus. Information now avail able 
indicates that forages g rown in Missouri usually con-
tain enough phosphorus to meet the requirements of 
ruminants. 
Organ ic (or plant) phosphorus is not readily 
avai lable to poultry. It is customary to add approxi-
mately 0.3 percent of inorganic or mineral phosphor-
us to poulrry rations. All animals require more calci-
um than p hosp ho us, but the proportion in which 
they are required is variable. The recommended ratios 
of calcium to phosphorus vary from 1:1 to 2:l. A 
ratio of 3:2 wi ll be sat isfactory for any animals except 
laying hens. This exception is explained by the large 
amount of calcium in egg shells. The ration of layers 
shou ld conta in 2 percent, or more, of this element. 
Some poultrymen prefer 3 percent. Many feeders sup-
ply their animals with minerals as a type of insurance. 
However, w hen the supply is limited the shortage 
is aggravated by thi s practice. 
Raw rock phosphate co ntains approxim ate ly 15 
percent of phosphorus and was once used extensively 
in mineral mixtures. However, it also co ntains ap-
proximately 3.5 percent of fluori ne which is a slow 
poison. 
Fluorine.-Fluorine is of widespread occurrence. 
In small amounts it is harmless and is probably bene-
ficial. It is reported that when food and water contain 
insufficient amounts of fluorine the teeth of chi ldren 
are more susceptible to decay. The susceptibility is 
greatly reduced if the water contai ns as much as one 
part per million (0.0001%) of fluorine. Larger amounts 
are injurious. Authorities in this field state that a con-
Figure 4-Cow showing symptOms of phosphorus 
deficiency. She was raised in the phosphorus-deficient area 
of Minnesota. An abnormally short barrel is characteristic 
of that region. (Courtesy of L. S. Palmer, Minnesota Agri-
cultural Experiment Station). 
centration of 0.01 percent of fluorine in the dry matter 
consumed approaches the danger level for cat tle, 
sheep, and swine. A concentrat ion of 0.05 percent may 
be dangerous for poultry. In order to be safe, it is re-
com mended that, on a dry matter basis, the rations 
of cattlc, sheep, and sw ine contain not more than 
0.003 percent, and the rations of poultry not more 
than 0.015 percent of fluorine. Defluorinated rock 
phosphate, if properly prepared, can replace steamed 
bone meal. If it does not contain over 0.1 percent of 
fluorine it can be used in any reasonable amount. If 
the animals are to be marketed after a relatively short 
feeding period it is probably permissible to use treated 
rock phosphate that contains 1 percent of fluorine, but 
this grade should not be supplied to breeding stock. 
Raw rock phosphate shou ld nOt be supp li ed to li ve-
stock except for short periods. 
Iodine. -In addition to these minerals which 
are required in large amounts, there are a few which 
may at times be insu fficient, but which are required 
o nly in very small quantities. One of these is iodine. 
Too much is poisonous , and too littl e is equall y dis-
astrous. This element is required for the proper func-
tioning of the thyroid g land, located in the neck. If 
too little is consumed this g land increases in size, pro-
ducing a goiter, sometimes referred to as "big neck." 
Missouri livestock have never been shown definitely to 
need iodine supplement. It is certain that there is no 
great deficiency, but it is possible that in some parts 
of the sta te there is a slight defi ciency. 
There are no definite rules on th e amount of 
iodine to feed, but a large excess should be avoided. 
Fifteen grains of sod ium or potassium iodide per 
month for every 100 pounds of li ve weight probably 
is sufficient. This can be given in broken doses, or it 
can be mixed with the feed. A practice that has been 
used successfull y in emergencies is the addition of 30 
grains of sodium iodide to every 100 pounds of feed. 
Iodized salt is recommended whenever a deficiency 
of iodi ne is suspected. 
Figure 5-A sow receiving in sufficient iodine bore 
this litter of hairless pigs. (Courtesy of Dr. J. W. Kalkus, 
Western Washington Expe~i~ent Station). 
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Iron.-Another mineral sometimes added to the 
ration in small amounts is iron, usually in the form of 
ferrous sulphate, or copperas. There is little reason 
to be!ieve? howeve:, that this element is likely to be 
de~C1ent in the MIddle West. If pigs are farrowed 
durmg bad weather, and kept inside on floors of wood 
or cement, they frequently become anemic. Their 
blood appears thin and watery, and if the condition 
is not relie:red the pigs become unthrifty in appear-
ance and wlll finally die. This condition is due to the 
fact that milk contains practically no iron. When this 
element is lacking the red pigment of the blood can-
not be formed. It has been observed at the Missouri 
College of Agriculture that if a feed fortified with iron 
sulphate is kept before the pigs constantly after they 
are t.hree we~ks old, they will consume enough to 
obtam some Iron and recover from the anemia with-
out noticeable injury. This feed should contain 0.5 
percent of iron sulphate to insure a liberal intake of 
t~e mineral. So~e investigators recommend that the 
pIgS be dosed.w~th an ir.or: salt to be sure that all get 
enough. If thIS IS done It IS best to begin when they 
are about a week old. Five grains of iron sulphate or 
copperas; per pig each week should be enough. ' 
.' I~ pIgS have ac~ess to the soil of Missouri they 
wlll pIck up all the Iron they require. It has been re-
porred that there are isolated areas in the United 
States which are deficient in iron and animals in those 
regions may develop anemia spontaneously. 
M~nganese.-M.an$anese is important for poul-
try for, If the supply IS madequate, young growing 
bIrds develop peros.is. Six ounces of manganese sul-
fate per ton offeed IS enough. However, a deficiency 
of manga~ese IS not the only cause of perosis, and in 
our ex~enence perosis due to a deficiency of man-
ganese IS uncommon. 
Copper and Cobalt. - There are areas in the 
United States where copper and cobalt are 'deficient. In 
those districts cattle and sheep may develop anemia, 
g~ off feed and become emaciated. Apparently these 
mmerals are present in Missouri soils and forages in 
adequate amounts. There is some disagreement on the 
facts; but the common opinion is that if danger of a 
defiCIency is the criterion: 
manganese is important only for poultry 
copper and cobalt are important only for rumi-
nants. 
~uorine is probably important for tooth forma-
tlon. 
zinc is of no practical importance. 
Molybdenum. -Molybdenum has no known 
function. in an.imal nutrition and any considerable 
amount IS ~OXIC for cattle and mildly toxic for sheep. 
Horses, SWine and poultry are resistant. The possi-
bility of excessive amounts in the forage of South 
Central Missouri has been reported, but the report 
has not been confirmed. 
Feeding Mineral Mixtures 
. I t is common practice to provide a mineral mix-
ture for livestock, especially for swine. Several formu-
las have ?een recommended. Reasonably good agree-
~ent ~XIStS on the amount of anyone mineral that 
IS reqUlred by each class of animals. There is no com-
m?n und~rstanding though on the composition of 
mmeral mIxtures. This is due to the fact that there are 
di~erence~ in the requirements of various species. 
St~ll more ImpOr~a?t, there are large differences in the 
m~neral composltlon of feeds. As a result, mineral 
~u~t':lre formulas vary with the temperament of the 
mdivIdua~s who prepare them. Some prefer a mixture 
th~t prOVIdes for ev~ry contingency. Others consider 
thIS a wasteful practIce and supply only the minerals 
that are supposed to be deficient. There are numerous 
compromises between these extremes. The Missouri 
Agricultural College prefers to supply salt separately 
fro~.supp!ements of calcium and phosphorus, wheth-
er 1t IS or. IS not fortified with other minerals. If the 
ration is known to be defiicent in calcium or phos-
phorus the minerals are brought up to the recom-
mende~ allowance by including them in the ration, 
otherwIse they are self-fed. Ground limestone alone 
is usually satisfactory for swine, but if mixed with 
common salt .the tendency to dustiness is less pro-
nounced. A mIXture of two parts of ground limestone 
and one pa.rt of salt is most widely used. Many feeders 
prefer a mIxture of equal parts of ground limestone, 
steamed bone meal and common salt, as the phos-
phorus of the bone meal may provide a wider margin 
of safety. As a rule steamed bone meal alone, or a suit-
able substi~ute, is satisfactory for cattle and sheep, 
though agam the tendency to dustiness is reduced by 
adding one part of.salt .to two or three parts of bone 
me.al. If deSIred, th~s mIxture also can be supplied to 
sv:me. The followmg suggestions, primarily for ru-
mmants, are offered to feeders who wish to add trace 
minerals to salt or phosphorus supplement. 
Fortified General 
salt mineral 
mixture mixture 
Common salt 1983 lb. 495 % lb. 
Steamed bone meal or 
defluorinated rock phosphate 1500 " 
Cobper sulphate 16 " 4 " 
Co alt chloride 8 oz. 2 oz. 
Potassium iodtde 8 " 2 " 
Total 2000 lb. 2000 lb. 
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Vitamins 
Origi nally the evidence that indicated the exist-
ence of these substances was on ly circumstantial. It 
was shown first that life could not be sustained by 
mixtures of highly purified proteins, fats, carbohy-
drates, and minerals. Th is led to the conclusion that 
natural foods contained some add itional materials 
w hich were unknown at the time and which were es-
sential for life. Fifteen vitam ins have been discovered 
definitely, by which we mean they have been prepare.d 
and can be exami ned in pure form. Eac h of them IS 
as m uch a distinct c hem ical compound as sugar, for 
example. They are present in foods i~ ex.ceedingly 
minute amounts but they are extraordtnan ly potent. 
The struc tures of the first vitamins discovered were 
not worked out for many years and they were desig-
nated at first by letters of the alphabet. It is customary 
now to give each vitamin a specific name. Only those 
vitamins that may be lack ing at times, and are there-
fore of practical importance, wi ll be included in the 
present discussion. 
Vitamin A.-Vitamin A is an an im al product. 
Lit tle or none is preseO( in plants. Si nce all animals 
require vitamin A, it is obvious that plants co ntain 
o ne or more provitamins that can be transfor~ed .by 
the animal body into this vitamin. These provltamms 
are carotene a nd other carotenoid s, all of which are 
brilliant pig m ents that var~ in color from ye~l0v.: to 
red, depending on the phYSical stat7 and.on lt~ht1~g 
conditions. For convenience the deSignatIOn, vltamm 
A, frequently includes these carotenoids. Of the con-
centrates commonly used in livestock feeding, yellow 
corn is the only one that is a good source of the pro-
v itamin. Most of the commercial vitamin A is pro-
cessed from fi sh liver oils but increasing amounts are 
being synthesized in chemical factories. A limited 
amOunt of carotene also is available. The best sources 
for livestock are fresh green forage and the legume 
h ays. 
Figure 6- Vitamin A deficiency in a steer. Partially 
closed, watery eye is the most typical symptom. (Courtesy 
of G. H. Hart, University of California). 
Night b lindness is usuall y the first symptom of a 
deficiency of vitamin A. This is fo ll owed by another 
affection of the eye, often called xerophthalmia. The 
first sign of this is inflammation and sens it ivity to 
light. Later there is a discharge from the eye, the eye-
lid s become swollen, and usuall y will adhere so the 
eye cannot be opened. In extreme cases the affected 
animal becomes permanently blind. These, and other 
symptoms, do not develop unless the supply of vita-
m in A falls far be low the amount necessary to main-
tain normal health. In practice the mild deficiencies 
with no specific symptoms probab ly do more harm 
than do the severe deficiencies, because they are more 
common and, si nce they escape detection, they are 
not corrected. In you ng animals diarrhea and slow 
growth may be due to a lack of vita min A. In breed-
ing females this deficiency wi ll lower fertility and re-
sult in the birth of young that are weak or subn ormal 
in vigor. Some of the effects of a deficiency of vitamin 
A are illu strated in Fig. 6. 
Vitamin D. - This is the vitamin that prevents 
rickets. It is probably of littl e practical importance 
in this state, except in the poultry industry. The symp-
toms are well known, such as softening and bending 
of the bones, especiall y in the region of the joi nts. If 
the condi tion persists for any length of time this bend-
ing becomes perm anent and results in deformiti~s. 
T he v itami n is not present, to any great degree, In 
any of the naturall y occuring feeds, with t~e possible 
exception of dried forages that were cured In the sun. 
This means that under ordinary circumstances our 
chi ef defense against rickets is exposure to s unli~ht. 
Baby chi cks, and poults, usually are hatched dunng 
cool weather, before it is warm enough to keep them 
out in the sun , so they must be supplied with suitable 
vi tamin D preparations. Fish liver oils are the chief 
co mmercial sources, but the <CD" -activated ani mal 
sterols are equal ly effective. The activated plant sterols 
are not suitable for poultry. A rachitic calf appears 
in Fig. 7. 
Vitamin E. - It was observed 30 years ago that 
rats of both sexes become sterile on certain diets. 
Later it was shown that the steri lity was due to the 
lack of a vitamin, now known as vitamin E. The pro-
tective substance came to be known as the anti-steri-
lity vitamin, but later developments reve.aJed that 
degeneration of muscle fibers also occurred In at least 
some animals if they consumed rations that were de-
ficient in this vitamin. The "stiff-disease" in lambs is 
an example that may be of some I?racti.cal importance, 
though it has not been reported 111 M~ss~ur1. Deg.en-
eration of the cerebellum, with paralySlS, IS the typICal 
symptom in the chick. These ~peci~s are the. leas~ re-
sistant of the common domestlc al1lmals. Vltamm E 
- Figure 7· - Rickets in a bull calf. It was reared in an 
inside pen with no exposure to sunlight and presumably 
its forage contained insufficient vitamin D. (Courtesy of 
Dr. A. W. Uren, University of Missouri). 
is distributed widely and a deficiency is improbable. 
As a rule no special precautions are taken to provide 
it . 
Riboflavin-It is not necessary to supply ru-
minants with riboflavin, or with any of the other vita-
mins des ribed in th following paragraphs. Presum-
ably all are synthesized by microorganisms of the ru- _ 
men and can therefore be omitted from the ration. 
It has been reported that moon-blindness in horses, 
periodic ophthalmia, is due to a deficiency of ribo-
flavin but the condition has not been studied enough 
for a final decision. There is no doubt that p,oultry 
rations may contain an insufficient supply of nboflav-
in. Chickens and turkeys require liberal amoun ts and 
many practical rations do n t contain enough. Dried 
whey is an acceptable source as are orne of the by-pro-
ducts of fermentation industries. The pure vitamin is 
available and it is entirely satisfactory. 
Figure 8 -An abnormal gait, commonly called "goose 
step," is the most typical symptom in this animal of panto-
thenic acid deficiency. (Courtesy of R. W. Luecke, Michi-
gan State College). 
Pantothenic acid- Growing pigs are more likely 
than any other class of livesto k to receive insufficient 
pantothenic acid. The mOSt characteristic symptom 
is an abnormal gait in the hind legs frequent ly ca lled 
"goose step." This usually is accompanied by an un-
thri fty appearance and diarrhea, and the growth rate 
may be somewhat retarded. The symptoms are most 
likely to appear when the pigs are in dry lot, for some 
of the commonly used swine feeds such as c rn and 
tankage are not good sources. Access to high grade 
pasture is a pra tical method of insuring an adequate 
supply of pantothenic acid. 
Vitamin B) 2- lf the ration of swine is deficient 
in vitamin B12 , young pigs grow slowly and brood 
sows wean litters that are below average in weight. 
A high death rate in these litters would be expected if 
the deficiency was severe. Many bacteria synthesize 
vitamin B)2 and presumably swine that have access 
to a pasrure can obtain the required amount of this 
vitamin from the soil. Chickens are likewise suscepti-
ble to a deficiency of vitamin B12. When withheld, 
young chicks grow slowly and the hatchability of 
hens' eggs declines. It has been asserted that turkeys 
do not require vitam in B) 2 but it is probably more 
accurate to say that under practical systems of manage-
ment a severe deficiency is unlikely to occur. Vitamin 
B12 is present in animal protein supplements such as 
tankage and fish meal and it is prepared commercially 
from antibiotic residues. Both swine and poultry are 
Figure 9· - This chick with curled toe paralysis (left) 
recovered (right) after being supplied with riboflavin. 
Figure IO-Before and atter receiv ing v itamin B'1' 
feces ea ters and thi s habit helps insure an adequ ate 
supply of this vitamin. 
Niacin (Nicotinic AcidJ-Cattle and sheep do 
n t require ni aci n. Nothing is known abo ut the re-
qu irement of horses, but it is commonl y assumed that 
they do n t require it. Swine req uire this vi tam in and 
there are scattered reports on deticiences observed in 
the field. C harac teri st ic sy mptoms are a roughened 
dirty skin , diarrhea, loss of appetite, and slow growth. 
Poultry require niacin but it is believed practical!oul-
try rations contain enough for the chick. Bowe legs 
and leg weakness have sometimes been a serious pro-
blem in the production of ducklings. At least some of 
the cases are due to a defic iency of niacin and these 
ca n be prevented by adding 10 milligra ms of ni ac in 
per pound of feed. Forages are excell ent so urces of 
ni acin. Of the cereals, w heat and barley are the best 
so urces. Oats are inter mediate and corn is a poor 
source. 
The v itamins juSt menti oned are regard ed as of 
practical importance, w hi ch means that under prac-
tical operating conditions an animal may at times ob-
tain one or more of them in in sufficient quantity. 
There is a difference of opinion, or confusion, on 
the importance of some of the others, but the College 
of Ag ri culture does not regard th em as of practical 
importance. 
Choline-Poultry develop perosis on rations that 
contain insufficient holine, and other animals some-
ti mes develop a type of fatty liver that can be pre-
vented b y choline. It is doubtful though that the ra-
tions com monl y used are deficient in this vitamin . 
Other Vitamins- There are other vitamins 
w h ich presum ably are never deficient in practice, and 
therefore are not of practi cal importance. These are: 
BI or thiamine, C or ascorbic acid, K, B6 or pyridox-
ine, biotin , inositol and folic acid . Unrecognized vita-
mins which are essential for livestock and poultry have 
been reported but s me inves tigators are not convinc-
ed of their existen e. The concentrates are poor sources 
of one or more of the vitamins that are important for 
swine, but high qu ality forage is a good vita min 
source. 
General Vitamin Suggestions 
A brood sow should have access to a liberal sup-
ply of fresh pasture, both before and afte r farrowing. 
If a sow is to farrow in the spring every effort should 
be made to suppl y w inter pasture. If that can no t be 
done, hig h grade legume hay should be provided when 
pasture is not avai lable. One to 11;2 pounds of hay 
daily per sow is not too much. 
The importance of pasture in li vestock produc-
tion can hard ly be overemphas ized. It conserves the 
fertility of the soil. If the pasture is green and tender 
it suppli es a considerable a mo unt of protei n. It is a 
good source of minerals. The liberal use of pasture of 
high quality will so lve the vitamin problem almost 
co mpletely. If th e pas ture is overstocked and eaten 
down to th e roots it may not be sufficient insurance 
of an adequate ration, but a good pasture is almost 
perfect insurance. Good feeding practices and exposure 
to sunlig ht will suppl y all vitamins that are required 
by the larger domestic animals. There are times when 
the feed supp ly is limited and it is diffi cult to follow 
approved practices. The vitamin most likely to be de-
fi cient und er these circumstances is vitamin A. This 
is the only one likel y to be deficient in the rations of 
ca ttle, sheep, and horses . Rations of swine also may 
be deficient in this vitam in . There is reason to believe 
that mild deficien cies of vitamin A, especiall y in the 
winter and earl y spring, are fairly common. Livestock 
will receive an adequate supply of vitamin A if they 
are provided with a good quality of wi nter pasture or 
legume hay. In addition there is some possibility that 
swine may receive insufficient pantothenic acid. Some 
inves tigators think deficiencies of riboflavin and niacin 
could occur but a severe deficiency wo uld not be ex-
pected . Poultry, then, are the only farm animals that 
regularly require protection from vitamin deficiencies. 
The prudent feed er will provide vitamins for poultty 
as carefully as he will provide proteins or minerals. 
The vitamins most likely to be deficient are vitamins 
A and D and riboflav in . Vitamin D must be pur-
chased as a concentrate. The other two ca n be pro-
vided by o mmon feedstuffs if they are selected pro-
perly. 
Antibiotics 
MISCELLANEOUS 
PRACTICES 
As a rule young pigs, chicks and turkey poults 
grow more rapidly when antibiotics are included in 
their rations. These compounds also may accelerate 
the rate of growth of lambs and calves in the interval 
before the rumen is well developed. The most com-
monly used antibiotics are aureomycin, penicillin, 
streptomycin, terramycin and bacitracin. Presumably 
these materials accelerate the growth rate by prevent-
ing or controlling low grade infections. Antibiotics, 
it is believed,do not accelerate growth rate when there 
is no infection. 
Hormones 
Even when animals are growing rapidly they prob-
ably oxidize or burn one-half or more of the energy, 
or fuel values, that they consume. This is the cost of 
maintenance, or of merely keeping the animals alive. 
Any large reduction in the amount of feed required 
for maintenance would lower materially the cost of 
production. The thyroid gland, through the hormone 
thyroxin that it secretes, is the most important regu-
lator of the rate of metabolism, or the amount of feed 
required for maintenance. If the rate of thyroxin for-
mation is reduced, the amount of feed required for 
maintenance also is reduced. 
Thiouracil-Several compounds are known to 
reduce the rate at which thyroxin is secreted, thus they 
reduce the rate of metabolism. Thiouracil is highly 
effective in reducing the maintenance requirement of 
livestock. If supplied to swine during the last three or 
four weeks of the fattening period, it increases the rate 
of gain and reduces the amount of feed required per 
unit of gain. Similar results have been obtained with 
poultry, accompanied by an improvement in market 
grade. If used properly there is little doubt that feed 
costs in swine and poultry production could be re-
duced by the use of thiouracil, but if supplied at the 
wrong time or in too great quantity the use of this 
substance could be highly damaging. Federal regu-
lations prohibit interstate shipment of feeds contain-
ing drugs that may be a hazard to the health of human 
beings. It has not been demonstrated that the flesh 
of animals is free from thiouracil after they have con-
sumed any considerable amount; so feeds which con-
tain this drug are not sold commercially. 
Thyroxine-As mentioned previously, an active 
thyroid gland with a high secretion rate of thyroxin 
is accompanied by a high metabolic rate and high 
maintenance requirement. As a rule this is objection-
able in meat animals because of the high feed require-
ment per unit of gain. There is abundant reason, 
though, to believe this is desirable in dairy cows and 
laying hens, because high production rates seem to re-
quire an active thyroid gland. If thyroxin or a synthetic 
substitute is supplied to these classes of animals high-
er levels of productivity at times may be obtained. 
It should be added, however, that a high degree of 
skill and individual attention is required to obtain a 
higher average level of productivity. The necessity 
for caution is partly due to individual variability. For 
example, some cows secrete thyroxin at a high level 
and any additional supply would not be helpful and 
could be harmful. Even if the secretion rate is at a low 
level, the possibility of beneficial results depends on 
several factors, such as temperature and stage of lacta-
tion. The complications which attend the effective use 
of thyroxin apparently have discouraged producers 
from giving it a trial. 
Diethylstilbestrol-The experience of investi-
gators in other fields of biology had suggested that 
if this material were administered to animals it would 
have a desirable effect on rate of gain and quality of 
meat produced. The most striking results have been 
obtained with poultry. Federal regulations prohibit 
incorporating diethylstilbestrol in feeds for interstate 
shipment but it is permissible to mold it into pellets 
and implant these under the skin, high on the neck. 
The treated birds have a larger amount of both depot 
fat and muscle fat. The meat of older cocks and goblers 
is darker, tough and stringy, but after the implantation 
of stilbestrol pellets the flesh becomes lighter in color, 
more tender and more palatable. The carcass quality of 
young chickens and turkeys is improved also but the 
procedure should not be undertaken without compe-
tent advice. 
There is some evidence that the rate of gain of 
lambs and steers may be improved by the adminis-
tration of stilbestrol, but in some instances there have 
been undesirable side effects. Livestock producers 
should not attempt to use this drug until the College 
of Agriculture has endorsed its use. There is little 
evidence that the performance of swine would be im-
proved by stilbestrQ! pellet implants and apparently 
there is little interest in them except among broiler 
producers. 
Arsanilic Acid 
Several phenyl arsonic acid derivatives will accele-
rate the growth rate of chickens and turkeys under 
some conditions, and are frequently included in starter 
and grower feeds. The drugs should be eliminated 
from the ration five days before the birds are slaughter-
ed for human consumption. They are dangerous if 
consumed in excess and they should be handled only 
by those who are experienced in the use of toxic 
chemicals. 
Detergents 
A few investigators have reported that when some 
of the detergents are added to feed, livestock and poul-
try grow more rapidly. Other workers have failed to 
confirm the reports and at present detergents are of 
little or no importance in the feed business. 
GUIDES IN FEEDING 
It is impossible in a short publication to give 
complete directions for the feeding of any kind of 
livestock. There are exceptions to most rules, so if a 
rule is followed literally, under all circumstances, it 
will at some time or other lead to unfortunate results. 
There is no substitute for experience, but the inex-
perienced feeder may profit from the experience of 
others and will find it advantageous at first to follow 
general rules. 
One of the first questions to be answered is how 
much to feed. In many respects this is the easiest. The 
live weight of the animal, if followed closely is an al-
most perfect guide. If weight is being lost, a suitable 
increase in the ration will prevent it. If too much 
weight is being taken on, a suitable decrease in the 
ration will hold the weight stationary. If growing ani-
mals are gaining too slowly, more feed will increase 
the rate of gain. Under some circumstances it is ad-
vantageous to self-feed livestock. Then feed ·always is 
available to induce the maximum feed intake and the 
maximum rate of gain. However, the amount of a 
ration that animals will consume depends to a consid-
erable degree on its quality. . 
If a ration is deficient in any necessary nutrient, 
the time will come, sooner or later, when an animal 
will refuse to consume a large quantity, no matter how 
much is offered. If a ration contains too little protein, 
minerals, or vitamins it is useless to expect that it will 
be consumed in satisfactory quantity. If, then, an ani-
mal is a conspicuously poor feeder, something is 
wrong. The animal may be injured, it may have de-
fective teeth, or it may be sick. It may also be that the 
ration lacks something which it should contain. It 
rarely happens that a sound and healthy animal will 
refuse to eat a good ration in satisfactory quantity. 
There should be a word of caution in regard to 
over-feeding. Cattle and sheep should be put on full 
feed slowly. Breeding females shotlld be brought back 
on full feed slowly after they drop their young. 
Attention also should be given to the amount of 
roughage in the ration. The ration of swine, if rapid 
gains are expected, should contain very little crude 
fiber-not over 10 percent. The amount of crude fiber 
allowable in the ration of horses, cattle, or sheep de-
pends on the rapidity of gain desired. If ~hey are mere-
ly being maintained, the ration may be all roughage 
and contain from 30 to 35 percent crude fiber. If max-
imum gains are desired, crude fiber may be reduced to 
10 percent. 
The question that usually is most difficult to an-
swer is how much_protein should be fed. The simplest 
guide in the feeding of livestock is an estimate of the 
amount of protein that is needed by various animals 
at various stages of development. This protein re-
quirement is, from many standpoints, the most im-
portant problem for the feeder. When it is solved the 
solution of the others becomes relatively simple. 
Protein content of feeds can be determined only 
by analysis, and the protein needs of animals only by 
actual trial. Such determinations have been made and 
averages of the results published. These are reproduced 
in Tables 4, 5 and 6. 
These averages are not perfect guides, but they 
are useful and the best available. Feeders are often re-
luctant to use as much ptotein as the standards specify, 
but it should be remembered that too little protein 
means slow growth. Larger quantities than necessary 
are not likely to be injurious, but except in special 
cases they make the cost unnecessarily high. 
The inexperienced feeder is often uncertain of the 
amounts of concentrates and roughage that are re-
quired by various classes of animals; therefore, useful 
general rules have been formulated on these points. 
"Dairy cows in milk will eat about 2 lbs. of good-
quality dry roughage daily per 100 lbs. live weight. 
Silage may be substituted for dry roughage at the 
rate of 3 lbs. of silage for 1 lb. of dry roughage. A 
common rule is to feed 1 lb. of hay and 3 Ibs. of 
silage daily per 100 lbs. live weight. Sufficient con-
centrates should be fed in addition to bring the nu-
trients up to the standard. 
"Fattening cattle should receive 2.1lbs. or more 
of concentrates and dry rounghage (or equivalent 
in silage) daily per 100 lbs. live weight, the allow-
ance of concentrates ranging from less than lIb. 
to 1.7 lbs. or more daily per 100 Ibs. live weight, de-
pending on the rate of gain desired and the character 
of the roughage. 
"Work horses and mules should be fed approxi-
mately the following amounts daily of concentrates 
(including grain and other concentrates) and of hay, 
per 100 15s. live weight: 
At hard work, 1.00 to 1.40 Ibs. of concentrates 
and about 1.00 lb. of hay. 
At medium work, 0.75 to 1.00 lb. of concentrates 
and about 1.00 to 1.25 Ibs. of hay. 
At light work, 0.40 to 0.75 lb. of concentrates and 
1.25 to 1.50 1bs. of hay. 
Idle, chiefly or entirely on roughage, unless 
it is of poor quality, when some grain must 
be used." 
"FatteTJing lambs averaging 70 to 75 Ibs. in 
weight will consume about 1.4 Ibs. per head daily 
of hay or other dry roughage, when fed all the grain 
they will eat. They will eat 2.3 Ibs. or more of hay 
per head daily when the grain allowance is restrict-
ed." 
"Swine make but limited use of dry roughage, 
except in the case of brood sows not nursing litters.m 
lTaken by special permission of the Morrison Publishing Company, Ithaca, New York, from Feeds and Feed-
ing, 21st Edition, by F. B. Morrison. 
TABLE 4 - AVERAGE PERCENTAGE COMPOSITION OF FEEDING MATERIALS1 
C~boh~drates 
Feeding stuff 
C~boh):'drates 
Crude N-free Crude N-free 
Feedln!; stuff Water Ash Protein Fiber Extract Fat Water Ash Protein Fiber Extract Fat 
Per Per Per Per Per Per Per Per Per Per Per Per Concentrates cent cent cent cent cent cent Dr):' roughages cent cent cent cent cent cent (Grains and other seeds Alfalfa hay 9.5 8.2 14.8 28.9 36.6 2.0 and their by-products; misc. Alfalfa leaves 9.5 10.5 22.3 14.2 40.5 3.0 concentrates. ) Alfalfa meal, good 7.3 9.1 16.1 27.1 38.2 2.2 
Barley, common, 10.6 2.8 12.7 5.4 66.6 1.9 Alfalfa stems 9.5 6.8 10.2 37.4 34.9 1.2 
Beans, field, or Barley hay 9.2 6.8 7.3 25.4 49.3 2.0 
navy 10. 4.2 22.9 4.2 57.3 1.4 Bluegrass hay, Ky. 10.6 6.5 8.2 29.8 42.1 2.8 
Beet pulp, dried 9.9 3.4 9.2 19.8 Sll.2 0.5 Clover hay, alslke 11.1 7.8 12.1 27.0 39.9 2.1 
Blood meal 8.2 4.5 84.5 1.0 0.7 1.1 Clover hay, red 11.9 6.4 11.8 27.2 40.1 2.6 
Bone meal, raw 6.4 59.1 26.0 1.0 2.5 5.0 Clover hay, sweet, 1st yr. 8.2 8.5 16.5 24.6 39.7 2.5 
Bone meal, steamed 3.7 81.3 7.1 0.8 3.8 3.3 Clover hay, sweet, 2nd yr. 9.3 7.5 13.5 30.2 37.6 1.9 
Brewer's grains 7.1 3.6 27.6 14.3 40.9 6.5 Corn cobs 9.6 1.6 2.3 32.1 54.0 0.4 
Buckwheat, ordinary 12.0 1.9 10.3 10.7 62.8 2.3 Corn fodder, medium 
Buttermilk, condensed 70.3 4.0 10.9 O. 12.6 2.2 In water 17.4 5.2 6.8 21.8 46.7 2.1 
Buttermilk, dried 7.6 10.0 :r2.4 0.3 43.3 6.4 Corn stover, medium inwater 19.7 5.5 5.8 27.1 40.7 1.2 
Corn. dent, No.2 15. 1.2 8.6 2.0 69.3 3.9 Cottonseed hulls 9.3 2.6 3.9 46.1 37.2 0.9 
Corn, dent, soft or imma- Cowpea hay 9.6 11.3 18.6 23.3 34.6 2.6 
ture 30 .. 1.5 7.2 2.5 56.5 2.3 Kafir fodder, very dry 10.0 9.0 8.7 25.5 44.2 2.6 
Corn ears, kernels and Kafir stover, very dry 10.0 8.9 5.5 29.5 44.3 1.8 
cobs 13.9 1.3 7.3 8.0 66.3 3.2 Lespedeza hay 10.8 5.2 12.7 26.7 42.2 2.4 
Corn bran 9.4 2.4 9.7 9.2 62.0 7.3 MUlet hay 12.4 6.7 8.2 25.3 44.7 2.7 
Corn germ meal 7. 3.3 19.8 8.9 53.2 7.8 Oat hay 11.9 6.9 8.2 28.1 42.2 2.7 
Corn gluten meal 8.6 2.5 43.1 4.0 39.8 2.0 Oat straw 10.3 6.3 4.1 36.1 41.0 2.2 Vl Cottonseed, whole 7.3 3.5 23.1 16.9 26.3 22.9 Orchard grass 11.4 6.8 7.7 30.5 40.7 2.9 >-i 
Cottonseed meal, 43% Prairie hay 9.3 7.4 5.7 30.4 44.9 2.3 ~ protein grade 7.3 6.4 43.9 9.0 26.3 7.1 Red top hay 9.0 6.9 7.2 29.3 45.3 2.3 .... 
Cowpea seed 11. 3.5 23.4 4.0 56.7 1.4 Rice straw 7.5 14.5 3.9 33.5 39.2 1.4 0 
Fish meal, below 58% Sorghum fodder, sweet 11.2 7.1 6.2 25.0 48.1 2.4 Z 
protein 6.8 22.4 56.2 0.7 2.9 11.0 Soybean hay, good 12.0 7.0 14.4 27.5 35.8 3.3 tp 
Hominy feed, low in fat 10.3 2.4 10.6 5.0 67.4 4.3 Sudan grass hay 10.7 8.1 8.8 27.9 42.9 1.6 e 
Kafir grain 10.2 1.6 10.9 1.7 72.7 2.9 Timothy hay 11.0 4.9 6.5 30.2 45.0 2.4 r< r< 
LInseed meal 9.0 5.6 35.4 8.2 36.0 5.8 Wheat straw 7.5 8.3 3.9 36.9 41.9 1.5 tl1 
Meat scraps, 52% protein 6.9 26.4 52.9 2.2 4.3 7.3 Green Roughages >-i .... 
Milk, cow's 87.2 0.7 :f. 5 0 4.9 3.7 Alfalfa, green 74.7 2.3 4.5 7.2 10.4 0.9 Z 
Molasses, cane or black -Bluegrass, Ky., pasture 69.8 2.5 5.5 7.6 13.4 1.2 G\ 
strap 26.0 9.0 2.9 0 62.1 0 Bromegrass, Smooth, 75. 2.6 5.2 5.7 10.6 0.9 ..... 
Oat kernels without Cabbage, entire 90.6 0 .9 2.2 1.0 5.0 0.3 0 
hulls 9.6 2.2 16.3 2.1 63.7 6.1 Clover, alsike 77.8 2.3 3.8 5.8 9.7 0.6 
Oats 9.8 4.0 12.0 11.0 58.6 4.6 Clover, Ladlno, pasture 83.7 2.2 4.4 2.2 7.1 0.4 
Peanut oil meal 7.0 5.2 43.5 13.3 23.4 7.6 Clover, red 75. 2.1 4.0 6~8 11.2 0.9 
Rice bran 9.1 13.5 12.5 12.0 39.4 13.5 Clover, sweet, before bloom 79.2 1.9 4.1 4.9 9.2 0.7 
Rice polishlngs 10.2 9.6 12.8 2.8 51.4 13.2 Kafir fodder 76.4 1.9 2.4 6.6 12.0 0.7 
Rye grain 10.5 1.9 12.6 2.4 70.9 1.7 Kale 88.2 1.8 2.4 1.6 5.5 0.5 
Co.ru:entrates Lespedeza, pasture 75. 3.2 4.1 8.0 9.2 0.5 
Sklmmilk 90.5 0.7 3.6 0 5.1 0.1 Potatoes, tubers 78.8 1.1 2.2 0.4 17.4 0.1 
Sklmmilk, dried 5.8 7.8 34.'1 0.2 50.3. 1.2 Pumpkins, field 89.6 0.9 1.7 1.6 5.2 1.0 
Soybean seed 10. 4.6 37.9 5.0 24.5 18.0 Rape 83.7 2.2 2.9 2.6 8.0 0.6 
Soybean oil meal, 9.1 6 .• 0 H.3 5.7 29.6 5.3 Soybeans before bloom 80. 1.8 3.2 5.9 8.1 1.0 
expeller Timothy, pasture 76.1 2.6 4.7 4.6 11:1 0.9 
Soybean oil meal, 9.4 5.8 46.1 5.9 31.8 1.0 Turnips 90.7 0.9 1.3 1.1 5.8 0.2 
solvent Wheat pasture 80.2 2.8 4.8 3.9 7.5 0.8 
Sunflower seed 6.4 3.1 16.8 29.0 18.8 25.9 Silages Sunflower seed, hulled 4.5 3.8 27.7 6.3 16.3 41.4 
Tankage or meat meal, Alfalfa, wilted before 
60 % protein grade 6.9 20.2 60.6 2.0 1.8 8.5 ensiled 64. 3.2 6.0 11.7 13 .7 1.4 
Wheat 10.5 1.9 13.2 2.6 69.9 1.9 Alfalfa, molasses, not 
Wheat bran 9.9 6.1 16.9 9.6 52.9 4.6 wilted 73.2 2.4 4.1 8.2 11.2 0.9 
Wheat standard middlings 10.4 4.4 18.1 6.5 55.8 4.8 Corn, dent, well-matured 72.6 1.6 2.2 6.7 16.1 0.8 
Yeast, brewer·'s, dried 6.2 7.9 49.3 3.7 31.9 1.0 Corn, dent, stover 77. 1.5 1.5 7.8 11.6 0.6 
Grass silage, considerable 
1Taken by special permission of the Morrison Publishing Company, Ithaca, proportion legumes 66.7 3.8 5.2 8.8 14.2 1.3 
New York, from FEEDS AND FEEDING, 21st EdItion, F. B. Morrison Sorghum, sweet 74.7 1.6 1.6 6.9 14.4 0.8 ..... VI 
Soybean, wilted 66.8 3.4 5.6 9.8 13.5 0.9 
. 
 
TABLE 5 - AVERAGE AMOUNTS OF DIGESTIBLE PROTEIN, TOTAL DIGESTmLE 
NUTRIENTS, CALCIUM, PHOSPHORUS AND CAROTENE IN FEEDS~ 
..... 
Total Total Total 0\ 
Feeding stuff dry Dig. dig. Nutri- Cal- Phos- Caro- Total Dlgestl- diges- Nutri- Cal- Phos _ Caro-
matter protein nutri- tive cium phorus tene2 Feeding stuff dry ble pro- tible tive cium phor- tene 
ents ratio matter teln nutri- ratio us 
percent percent percent 1: percent percent mg/lb. ents 
Concentrates . Drr Roughages (Con't) percent percent percent 1: Percent Percent mg/lb. 
Barley, common 89.4 10.0 77.7 6.8 0.06 0.37 Barley hay 90.8 4.0 51.9 12.0 0.26 0.23 
Beans, field, or navy 90.0 20.2 78.7 2.9 0.15 0.57 Bluegrass hay, Ky. 89.4 4.8 54.8 10.4 0.46 0.32 
Beet, pulp, dried 90.1 4.3 67.8 14.8 0.67 0.08 Clover hay, alsike 88.9 8.1 53.2 5.6 1.15 0.23 
Blood meal 91.8 60.0 61.3 0.02 0.33 0.25 Clover hay, red 88.1 7.1 52.2 6.4 1.35 0.19 8.6 
Bone meal, raw 93.6 17.9 17.9 23.05 10.22 Clover hay, sweet, 1st yr. 91.8 11.9 50.3 3.2 1.37 0.26 
Bone meal, steamed 96.3 31. 74, 15.00 Clover hay, sweet, 2nd yr. 90.7 9.4 47.3 4.0 1.25 0.23 
Brewer's grains 92.9 22.1 67.1 2.0 0.29 0.48 Corn cobs 90.4 0 45.7 0.02 
Buckwheat, ordinary 88.0 7.4 62.2 7.4 0.09 0.31 Corn fodder, medium 
Buttermilk, condensed 29.7 9.8 26.5 1.7 0.44 0.26 in water 82.6 3.3 53.9 15.3 0.21 0.14 1.8 
Buttermilk, dried 92.4 29.2 84.0 1.9 1.36 0.82 Corn stover, medium 
Corn, dent, No.2 85.0 6.6 80.1 11.1 0.02 0.27 1.3 in water 80.3 2.0 45.5 21.8 0.26 0.05 
Corn, dent, soft or Cottonseed hulls 90.7 0 43.7 0.14 0.07 ~ Immature 70.0 5.5 64.2 10.7 0.24 Cowpea hay 90.4 12.3 51.4 3.2 1.37 0.29 
Corn ears, kernels and Kafir fodder, very dry 90.0 4.5 53.6 10.9 0.35 0.18 2.0 >-< V> 
cobs 86.1 5.3 73.2 12.8 0.22 Kafir stover, very dry 90.0 1.9 51.3 26.0 0.54 0.09 1.1 V> 
Corn bran 90.6 5.5 69.4 11.6 0.03 0.27 Lespedeza hay 89.2 6.4 47.5 6.4 0.98 0.18 22.4 0 
Corn germ meal 93.0 14.8 76.1 4.1 0.58 e Millet hay 87.6 4.9 50.0 9.2 0.29 0.16 l:d Corn gluten meal 91.4 36.6 80.2 1.2 0.13 0.38 10.0 Oat hay 88.1 4.9 47.3 8.7 0.21 0.19 >-< 
Cottonseed, whole 92.7 17.1 90.8 4.3 0.14 0.70 Oat straw 89.7 0.7 44.7 62.9 0.19 0.10 :> Cottonseed meal, 43% Orchard grass 88.6 3.9 47.8 11 .3 0.19 0.17 G'l protein grade 92.7 36.4 75.8 1.1 0.23 1.12 Prairie hay 90.7 2.1 49.6 22.6 0.36 0.18 9.3 l:d Cowpea seed 89.0 19.2 76.0 3.0 0.11 0.46 >-< Red top hay 91.0 3.2 48.7 14.2 0.38 0.23 (') Fish meal, below 58% Rice straw 92.5 0.6 41.5 68.2 0.19 0.07 e protein 93.2 49.5 75.7 0.5 88.8 3.3 52.4 14.9 0.34 0.12 1.1 t-< Hominy feed, low in fat 89.7 7.5 81.4 9.9 0.22 0.71 Sorghum fodder, sweet .....j 
Kaflr graln 89.8 8.8 81.6 8.3 0.0"2 0.31 Soybean hay, good 88.0 9.6 49.0 4.1 0.94 0.24 13.6 e 
Linseed meal 91.0 30.8 77.2 1.5 0.39 0.87 Sudan grass hay 89.3 4.3 48.5 10.3 0.36 0.26 l:d > Meat scraps, 52% protein 93.1 43.4 61.2 0.4 Timothy hay 89 .0 2.9 48.9 15.9 0.23 0.20 5.3 t-< 
Milk, cow's 12.8 3.3 16.3 3.9 0.12 0.09 0.44 Wheat straw 92.5 0.3 40.6 134.3 0.21 0.07 tTl 
Molasses, cane or Green Roughages, roots ~ 
blackstrap 74.0 0 54.0 0.74 0.08 etc. "0 
Oat kernels without hulls 90.4 14.7 92.0 5.3 0.08 0.46 Alfalfa, green 25.3 3.4 14.7 3.3 0.35 0.07 28.3 tl1 l:d 
Oats 90.2 9.4 70.1 6.5 0.09 0.34 Bluegrass, Ky., pasture 30.2 3.9 19.2 3.9 0.16 0.13 36.0 >-< 
Peanut oil meal, 93.0 39.6 82.4 1.1 0.16 0.54 Bromegrass, smooth 25.0 3.7 15.5 3.2 0.12 0.08 31.6 ~ 
Rice bran 90.9 8.5 67.0 6.9 0.08 1.36 Cabbage, entire 9.4 1.9 8.1 3.3 0.06 0.03 0.2 tl1 
Rice polishings 89.8 9.7 81.4 7.4 0.04 1.10 Clover, alsike 22.2 2.7 14.5 4.4 0.29 0.06 
Z 
.....j 
Rye grain 89 .• 10.0 76.1 6.6 0.10 0.33 Clover, Ladino, pasture 16.3 3.7 11.4 2.1 0.20 0.07 25.2 Vl 
Skimmilk 9.5 3.4 8.7 1.6 0.13 0.10 Clover , red 25.0 2.8 16.8 5.0 0.38 0.06 20.9 .....j 
Skimmilk, dried 94.2 31.2 80.7 1.6 1.30 1.30 Clover sweet before > 
Soybean seed 90.0 33.7 87.6 1.6 0.25 0.59 bloom 20.8 3.2 12.8 3.0 0.34 0.10 .....j >-< 
Soybean oil meal, Kafir fodder 23.6 1.2 14.4 11.0 0.09 0.05 0 
expeller 90.9 37.2 78.4 1.1 0.29 0.66 Kale 11.8 1.9 8.0 3.2 0.19 0.06 Z 
Soybean oil meal, solvent 90.6 42.4 78.5 0.9 0.03 0.66 Lespedeza, pasture 25.0 2.0 12.7 5.4 0.28 0.07 
Sunflower seed 93.6 13.9 76.3 4.5 0.55 Potatoes, tubers 21.2 1.3 17.9 12.8 0.01 0.05 
Sunflower seed, hulled 95.5 25.2 116.1 3.6 0.20 0.96 Pumpkins, field 10.4 1.3 9.0 5.9 0.04 
Tankage or meat meal, Rape 16.3 2.4 12.8 4.3 0.24 0.07 
60% protein grade 93.1 51.5 68.4 0.3 6.37 3.23 Soybeans, before bloom 20.0 2.4 12.8 4.3 37.8 
Wheat 89.5 11.1 80.0 6.2 0.04 0.39 Timothy, pasture 23.9 3.5 15.4 3.4 0.14 0.09 24.2 
Wheat bran 90.1 13.7 67.2 3.9 0.14 1.29 Turnips 9.3 0.9 7.8 7.7 0.06 0.02 
Wheat standard middlings 89.6 15.0 77.2 4.1 0.09 0.93 Wheat pasture 19.8 3.6 12.8 2.6 0.09 0.08 
Yeast, Brewer's, . dried 93.8 42.4 70.5 0.7 0.13 1.56 Silages 
Dr~ Ro~hages Alfalfa, wilted before 36.0 4.1 21.3 4.2 0.51 0.12 14.3 
Alfaifa hay 90.5 10.5 50.3 3.8 1.47 0.24 11.4 ensiled 
Alfalfa leaves 90.5 17.4 57.9 2.3 2.22 0.24 30.0 Alfalfa, molasses, not 26.8 2.7 15.4 4.7 0.41 0.08 14.5 
Alfalfa meal, good 92,7 11.8 53.6 3.5 1.32 0.19 16.6 wilted 
Alfalfa stems 90.5 5.2 41.7 7.0 0.82 0.17 5.4 Corn, dent, well-matured 27.4 1.2 18.1 14.1 0.10 0.06 
lTaken by special permission of the Morrison Publishing Company Ithaca, New 
Corn, dent, stover 23.0 0.6 13.1 20.8 0.08 0.01 
Grass silage 33.3 2.9 19.1 5.6 
Yo~k, from FEEDS AND FEEDING, 21st Edition, F. B. Morrison. Sorghum, sweet 25.3 0.8 15.2 18.0 0.08 0.04 2.7 
2Some of the carotene data were taken from: Recommended Nutrient Allowances 
Soybean. wilted 33.2 3.9 19 .1 3.9 0.45 0 .• 12 14.6 
for Beef Cattle. Revised December 1950. A Report of the Committee on ~imal 
Nutrition. National Research Council, Washington, D. C. 
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FEEDING STANDARDS1 
TABLE 6 - RECOMMENDED DAILY NUTRlENT ALLOWANCES FOR LIVESTOCK 
(Based on air-dry (eed containing 90 percent dry matter) 
1. BEEF CATTLE 1. BEEF CATTLE (CO\l't) 
Body Expected Total Diges- Total Cal- PllOs- Caro- Bolly Expected Total Dlges- Total Cal- Phos",_ Caro-
Wei!M _ Dally Feed tible Dlges- cium . :phoruB tene Weight Daily Feed tlble Dlges- cium ,phorus tene Gain Protein tlble Gain Protein tlve Nutrients Nutients 
Ibs. Ibs. Ibs. Ibs. 16s. gm. gIn. mg. Ibs. Ibs. Ibs . Ibs. Ibs . gm. gIn. mg. 
A Normal Growth, Heifers and Steers Fattening Yearling Cattle 
40() 1.6 12 0.9 '1.0 20 15 24 
&86 1.4 16 0.9 8.5 18 15 36 600 18 1.3 11.5 20 17 36 
800 1.2 19 0.9 9.5 16 15 48 700 Average (or 21 1.4 13.5 20 18 42 
1000 1.0 21 0.9 10.5 15 15 60 800 period,2. 2 22 1.5 14.0 20 19 48 
Bulls, Growth and Maintenance (Moderate. Activity) 900 pounds 24 1.6 15.5 20 20 54 
.B 1000 daily 26 1.7 17.0 20 20 60 
600 2.3 16 1.3 10.0 24 18 36 1100 27 1.7 17.5 20 20 66 
800 . 1.7 17 1.4 11.0 23 18 48 J 1000 1.6 20 1.4 12.0 22 18 60 Fattening Two-Year-Old Cattle 
1200 1.4 . 22 1.4 13.0 21 18 72 800 24 1.5 15.0 20 18 48 1400 .1.0 24 1.4 14.0 20 U 84 90() Average for 26 1.6 16.0 20 20 54 1600 26 1.4 14.0 18 18 96 
1800 26 1.4 14.0 18 18 108 1000 period, 2.4 27 1.7 17 .0 20 20 60 
C Wintering Weanling Calves 
1100 pounds 29 1.8 18.0 20 20 66 
1200 daily 29 1.8 18.0 20 20 72 C/) >1 
400 1.0 11 0.7 6.0 16 12 24 2. DAffiY CATTLE > 500 --loP. 13 0.8 '1.0 16 12 30 >1 ...... 
600 1.0 15 0.8 8.0 16 12 36 Total 0 
D· Wintering Yearling Cattle E~ected Gain Diges- Diges- Z 
600 :1.0 . 16 0.8 8.0 16 12 36 
Body Small Large Total tible tlble Cal- Phos- Caro- Vita- tJj 
Weight Breeds Breeds Feed Protein Nutrients c ium phorus tene m inD C 700 1.0 1'1 0.8 8.,5 - 16 12 42 t-< 
800 0.7 18 0.8 9.0 16 12 48 lbs_. lbs . lbs. lbs. lbs . lbs. gm. gm, mg. I.U. ~ 
900 O.~ 18 0.8 9.0 16 12 54 >1 
A Normal growth of dairy heifers ...... Wintering Mature Pregnant Cows Z 
E (Weights are for beginning of winter period; gains average for period) 50 0.5 0.9 .20 1.0 4 3 6 0\ 200 >-' 
800 1.5 22 1.0 11.0 22 18 48 100 1.0 0,8 2.0 .40 2.0 8 6 6 400 0 
900 1.0 20 0.9 10.0 18 16 54 150 1.3 1.4 4 .0 .50 3.0 12 8 9 600 
1000 0.4 18 0.9 9.0 16 15 60 200 1.4 1.6 6 .0 .60 4.0 16 11 12 800 
1100 0.2 18 0.8 9.0 16 15 66 400 1.2 1.8 11 .80 6.5 20 15 24 
1200 0.0 18 0.8 9.0 16 15 72 600 0.8 1.4 15 .85 8.5 18 15 36 
Wintering Pregnant Heifers 800 1.1 1.2 19 .90 10.0 16 15 48 
F (Weights are for beginning of winter period; gains average for period) 1000 1.3 22 .95 11 .0 15 15 60 
1200 1.2 24 1.00 12.0 15 15 72 
700 1.5 20 0.9 10.0 18 16 42 
800 1.3 20 0.9 10.0 18 16 48 B Maintenance of m ature cows 
900 0.8 18 0.8 9.0 16 15 54 
1000 0.5 18 0.8 9.0 16 15 60 800 14 . 50 6.8 8 8 48 
1000 16 .60 8.0 10 10 60 
G · Cows Nursing Calves, 1st 3 to 4 Months After Parturition 1200 18 .70 9.2 12 12 72 
900-1100 None 28 1.4 14.0 30 24 300 1400 2i .80 10.5 14 14 84 
Fattening Calves Finished as Short Yearllngs 1600 23 .87 11.4 16 16 96 H 
400 12 1.1 ' 8.0 20 15 24 C Reproduction (Add to maintenance during last 2 to 3 months) 
500 Aver age for 14 1.2 ·1i,S 20 16 30 
600 period,2.0 16 1.3 11.0 20 17 36 2.0 2.0 8.0 .60 6. 0 12 7 30 
700 pounds 18 1.4 12.0 20 18 42 
800 daily 20 1.5 13.5 20 18 48 D Lactation (Add to maintenance for each pound of milk) 
9.1)0 21 1.5 14.5 20 18 54 
IT3keil -from Recommended Nutrient Allowances for Domestic Animals . Numbers I, n, 3 .0% fat .040 0 .28 1 0.7 
ill, IV, V, and VI. Reports of the Committee on Animai Nutrition. National Research 4.0% fat .045 0.32 1 0.7 
Council, Washington, D.C. 5.0% fat .050 0.37 1 0.7 >-' 
'--I 
6.0% fat .055 0.42 1 0.7 
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TABLE 6 -- (Con't) 
2. DAIRY CATTLE (Can't) 4. HoRSES ..... 00 
Total stage of Total Expected Gain Diges- Dlges- Growth :·Expected Dry Digestible Digestible 
Phosphorus . Body · . Small Large Total tible tible Cal- Phos- Caro- Vita- by Weight Age Daily Gain Matter Protein Nutrition Calcium Weight Breeds Breeds Feed Protein Nutrients cium phorus tene minD 
ibs: lbs. mo. lbs. lbs. lbs. lbs. gm. gm. ilis. lbs. lbs. lbs. lbs. gm. gm. mg. I.U. Growing Horses 
E Maintenance of breeding bulls A Mature weight 800 lbs. 
1200 18 1.00 10.3 12 12 72 200 2.6 1.4 7.2 0.93 4.5 9.8 8.8 
1600 22 1.20 12.9 16 16 96 400 8.0 0.9 9.9 0.80 6.2 10.8 10.8 
2000 27 1.45 15.6 20 20 120 600 1~.0 05 11.7 0.65 7.3 10.6 11.2 
2400 31 1.60 18.2 24 24 144 800 44.0 6:0 12.6 0.54 7.9 9.7 10.9 
3. SHEEP B Mature weight 1000 lbs. 
Total 200 2.0 1.6 7.5 1.04 4.7 12.3 10.6 
Expected Digest- Diges- 400 6.0 1.2 10.2 0.94 6.4 13.4 12.5 ~ Body Daily Gain 'l'DttI. lble tible Cal- Phos- Caro- 600 14.0 0.8 12.:l 0.77 7.7 13.4 13.4 
.... Weight or Loss Feed Protein Nutrients cium phorus tene 800 24.0 0.5 13.8 0.74 8.6 9.8 10.3 {J) {J) 
lbs. 1000 44.0 0.0 15.0 0 •. 64 9.4 11.6 12.9 0 lbs. lbs. lbs. lbs. gm. gm. mg. c:: 
A C Mature weight 1200 lbs. ::0 Bred Ewes First 100 Days of Gestation .... 
200 1.9 1.9 7.7 1.06 4.8 14.3 12.2 > 100 0.12 3.5 0.17 1.7 3.2 2.5 6.0 400 5.2 1.6 10.4 1.03 6.5 16.1 14.6 Q 110 0.12 3.6 0.18 i.8 3.2 2.6 6.6 600 10.0 1.2 13.3 0.93 8.3 16.9 16.3 ::0 
.... 120 0.12 3.7 0.19 1.9 3.3 2.7 7.2 800 17.0 0.8 14.7 0.87 9.2 15.3 15.3 (') 130 0.12 3.8 0.20 2.0 3.4 2.7 7.8 1000 25.0 0.4 16.2 0.85 10.1 14.7 15.4 c:: t'" 
B Bred Ewes Last 6 Weeks Before Lambing 1200 45.0 0.0 17.1 0.72 10.7 12.4 14.0 >-i c:: 
110 0.25 4.0 0.21 2.1 4.3 3.2 6.6 D Mature weight 1400 lbs. ~ 120 0.25 U 0.22 2.2 4.4 3.3 7.2 200 1.2 2.5 8.2 1.22 5.1 17.9 14.9 t'" 130 0.25 4.2 0.23 2.3 4.5 3.4 7.8 400 4.0 2.1 11.0 1.16 6.9 20.5 17.5 tTl 140 0.25 4.3 0.24 2.4 4.7 3.5 8.4 600 7.5 1.6 13.4 1.13 8.4 21.3 18.9 X 150 0.25 4.4 0.25 2.5 4.8 3.6 9.0 '"0 
800 12.0 1.3 15.8 1.05 9.9 20.1 18.7 t>j 
::0 C Ewes in Lactation 1000 19.5 0.8 17.0 0.97 10.6 17.8 17.8 .... 
1200 26.0 0.4 18.4 0.95 11.5 15.9 16.7 a:: 100 -0.10 4.5 0.27 2.5 6.1 4.5 6.0 1400 45.0 0.0 19.4 0.81 12.1 14.1 15.8 t>j Z 110 -0.10 4.6 0.28 2.6 6.2 4.6 7.1 
>-i 120 -0.10 4.7 0.28 2.7 6.4 4.7 7.8 E Mature weight 1600 lbs. Vl 130 -0.10 4.8 0.30 2.8 6.5 4.8 8.4 
>-i 140 -0.10 4.9 0.30 2.9 6.6 4.9 9.1 200 0.9 3.3 8.5 1.28 5.3 20.8 17.7 >-150 -0.10 5.0· 0.31 3.0 6.8 5.0 9.7 400 3.0 2.8 11.8 1.43 7.4 24.6 21.4 >-i 
13.9 1.33 8.7 24.6 22.1 .... 600 5.5 2.4 0 D Ewes--Lambs and Yearlings 
800 9.0 1.8 16.6 1.23 10.4 24.9 23.3 Z 
70 0.35 3.0 0.22 1.8 3.0 2.7 3.8 1000 13.0 1.2 18.4 1.17 11.5 22.6 26.6 
90 0.30 3.2 0.22 1.9 3.0 2.7 5.0 ' 1200 19.0 1.0 19.5 1.11 12.2 19.5 20.4 110 0.20 3.5 0.20 1.9 3.2 2.8 6.0 1400 26.0 0.5 20.6 1.06 12.9 16.8 19.6 i30 0.1.0 3.8 0.20 2.0 3.1 2.7 7.1 1600 48.0 0.0 21.1 0.86 13.2 15.3 17.2 
E Rams--Lambs and Yearlings 
Mature weight 1800 lbs. F 
75 0.45 3.5 0.24 2.1 3.8 3.2 4.1 
4.0 9.0 1.39 5.6 24.5 20.4 100 0.40 4.0 0.24 2.3 4.0 3.4 5.5 200 0.6 
125 0.35 4.0 0.24 2.4 3.6 3.3 6.9 400 2.4 3.8 12.3 1.50 7.7 27 .9 22.3 
150 0.30 4.3 0.23 2.6 3.7 3.3 8.2 600 4.5 3.3 14.4 1.49 9.0 27.4 22.9 
175 0.20 4.5 0.23 2.6 3.7 3.3 9.6 800 7.0 2.7 17.0 1.44 10.6 27 .0 23.9 
1000 9.6 2.1 19.5 1.40 12.2 26.5 23.9 F Fattening Lambs 1200 13.2 1.6 20.8 1.34 13.0 23.6 22 .6 
1.2 2.5 2.1 3.0 1400 18.4 1.0 22.1 1.26 13.8 21.1 22.0 50 0.25 2.1 0.17 
22.7 1.18 14.2 18.3 20.6 60 0.30 2.3 0.18 1.4 2.8 2.2 3.6 1600 26.4 0.5 
70 0.35 2.7 0.19 1.7 2.9 2.4 4.2 1800 48.0 0.0 23.2 0.95 14.5 16.8 18.9 
80 0.36 2.9 0.20 1.9 2.9 2.4 4.2 
90 0.25 3.0 0.20 2.0 2.7 2.3 5.4 
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TABLE 6 -- (Con't) 
G Mature Horses 
Total 6. CHICKENS 
Body Total Digestible Diges- Total Digestible Total 
Weight Feed Protein tible Calcium Phosphorus Feed Protein Digestible 
Nutrients Nutrients 
Starting Growing Laying Breeding 
Chicks Chicks Hens Hens 
0-8Wks. 8-18 Wks. 
lbs. lbs. lbs. lbs. gm. gm. lbs. lbs. lbs. 
Maintenance (Idle) Light Worka 
800 10.6 0.53 6.6 12.2 13.7 13.8 0.65 8.6 
1000 12.6 0.62 7.9 13.7 15.4 16.2 0.76 10.1 
1200 14.4 0.71 9.0 15.7 17.7 18.6 0.88 11.6 
1400 16.2 0.80 10.1 17.6 19.8 20.8 0.98 13.0 
1600 17.8 0.88 11.1 19,4 21.8 23.0 1.09 14.4 
1800 19.5 0.97 12.2 21.1 23.8 25.3 1.19 !fl. 8 
Marel;l-Last Quarter of Pregnancy Medium Worka 
800 14.4 0.77 9.0 13.1 13.1 15.9 0.77 10.0 
1000 17.0 0.91 10.6 15.4 15.4 18.9 0.91 11.8 
1200 19.5 1.04 12.2 17.7 17.7 21.6 1.04 13.5 
1400 21.9 1.17 13.7 19.9 19.9 24.2 1.17 15.1 
1600 24.3 1.29 15.2 22.1 22.1 26.7 1.29 16.7 
1800 26.6 1.41 16.2 24.2 24.2 29.1 1,40 18.2 
Mares-Lactating Hard Worka 
SOO 20.6 1.70 14.7 20.6 18.7 18.4 0.87 12.3 
Total protein, per cent 20 16 15 15 
Vitamins 
Vitamin A activity (I.U.~ 2000 2000 3300 3300 
Vitamin D (A.O.A.C. units) 180 180 450 450 
Thiamine, mg. 0.9 ? ? ? 
Nicotinic aCid, mg. 1.6 0.9 0.9 1.3 
RiboflaVin, mg. 8.0 ? ? ? 
Pantothenic acid, mg. 5.0 5.0 2.5 5.0 
Pyridoxine, mg. 1.6 ? 1.6 1.6 
Biotin, mg. 0.045 ? ? .07 
Choline, mg. 700.0 ? ? ? 
Minerals 
2.25b 2.25b Calcium, percent 1.0 1.0 
Phosphorus, gercentC 0.6 0.6 0.75 0.75 
Salt, percent 0.5 0.5 0.5 0c5 
Manganese, mg. 25 ? ? P.i 
Iodine, mg. 0.5 0.3 0.3 0.5 
PPtassi\lm, percem 0.2 0.16 ? ? 
1000 24.4 2.01 17.4 24,4 22.2 21.9 1.03 14.6 
1200 2S.0 2.30 20.0 28.0 25.4 25.1 1.18 16.7 
1400 31.4 2.59 22.4 31.4 28.5 28.2 1.33 18.S 
1600 34.9 2.87 24.9 34.9 31.7 31.0 1.47 20.7 6a. TURKEYS 
1800 37.9 3.12 27.1 37.9 34.4 34.0 1.60 22.7 Starting GroWing Breeding 
aThe requirement for calcium and phosphorus is the same as for idle horses 
Poults Turkeys Turkeys 
0-8 Wks. 8-16 Wks. 
Total protein, percent 28 20 15 
5. SWINE Vitamins 
Total Vitamin A activity (I. U.)a 4000 4000 4000 Vitamins D (A.O.A.C. units) 800 800 800 Expected Digesti-
Body Daily Total Crude ble Nutrl- Vitamin Pantothenic RiboflaVin, mg. 2.0 ? 1.8 
Weight Gain reed protein ents Calcium Phosphorus Carotene D 
lb •. lbs. Ibs. Ibs. lb • . gm. gm. mg. I.U. 
A Market Stock, GrOWing, Fattening Pigs 
50 1.0 3.0 0.55 2.3 , 8.8 5.9 2 150 
100 1.6 5.3 0.85 4.0 14.4 9.6 4 265 
150 1.8 6.8 0.95 5.1 17.0 11.3 6 340 
200 1.8 7.5 1.00 5.6 17.0 11.3 8 375 
250 1.8 8.3 1.00 6.2 17.0 li.3 10 415 
B Young Slock Pregnant Females and Boars 
300 .75 6.0 0.90 4.5 15.0 10.0 18 300 
C Adult 
500 .5 7.5 0.90 5.6 15.3 10.2 23 375 
D Lactating Females 
350 11.0 1.65 8.3 28.5 19.5 32.5 550 
450 12.5 1.90 9,4 28.5 19.5 37.5 625 
Rlboftavin acid Niacin 
mg. mg. mg. 
2.5 14. 15. 
4.5 25. 27. 
5.6 32. 34. 
6.3 35. 38. 
7.0 39. 42. 
5.0 30 
6.3 38 
9.2 55 
10.5 63 
Pantothenic aCid, mg. 6.0 ? ? 
Choline, mg. 900.0 ? ? 
Minerals 
CalCium, percent 2.0 2.0 2.25b 
Phosphorus, percentC 1.0 1.0 0.75 
Manganese, mg. 25.0 ? 15.0 
Salt, ,percentd 0.5 0.5 0.5 
aMay be either fish oil vitamin A or provitamin A from vegetable sources. 
bThls amount of calcium need not be incorporated in the mixed feed inasmuch as, calcium 
supplements fed free cholce are considered as part of the ration. 
CAt least 0,4 percent of the total feed soould be inorganic phosphorus. Approximately 
30 percent of the phosphorus of vegetable' products is non-phytin phosphorus and may be 
considered as part of the inorganic phosphorus required. 
dThis figure represents added salt or sodium chloride. 
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Calculating a Balanced Ration 
No one pretends that economical feeding re-
quires rigid aherence to a feeding standard. However, 
when the highest attainable degree of exactness is de-
sired, the custom is to calculate what is called a bal-
anced ration. A balanced ration is one that contains the 
proper amount of digestible protein on one hand, and 
the proper amount of digestible carbohydrate and fat 
on the other. These are two of the most important 
things about a feed, but it must be understood they 
are not the only important considerations. Quality 
of the protein, and the kind and amount of both min-
erals and vitamins must be given separate considera-
tion. 
When calculating a balanced ration, it is necessary 
to have a standard accompanied by tables which show 
the percentage of digestible nutrients in feeds to be 
used. These feeding standards and the table showing 
the percentage of digestible nutrients in the more com-
mon feeds, are included in the previous five pages. 
Some explanation of the tables may be helpful. 
In the table showing the quantity of digestible nu-
trients in feeds, the first column gives the percentage 
of dry matter. This makes it easy to calculate the total 
weight of the ration and decide whether it contains a 
suitable amount of roughage. If this were disregarded 
it would be possible to calculate a ration that was 
theoretically well balanced but it might be either too 
bulky or not bulky enough. The second column gives 
the percentage of digestible protein. The third gives 
the percentage of total digestible nutrients. This table, 
then, shows two of the important things about a feed, 
its content of digestible protein, and its total fuel 
value. 
The feeding standards state what kind of animal 
is to be fed, and give the more important specifica-
tions. Feeding standards are guides, not fixed rules. 
In the first place the feeder never knows the exact per-
centage of digestible nutrients in his rations. Values 
given in the tables are averages of a large number of 
analyses and are not exact for anyone feed. Further-
more, all animals do not respond alike to a given ra-
tion. A ration that is satisfactory in one trial may not 
be satisfactory in another. Finally, the kind of ration 
that is most profitable depends on market prices of 
the feeds and the livestock. If protein supplements 
are cheap compared to grain, it may be profitable to 
feed a narrower nutritive ratio than is specified it: the 
feeding standard. Or it may happen if a feeder has a 
large quantity of legume hay or soybeans he wishes to 
use up, that it might be impossible for him to keep 
the quantity of protein down within the range speci-
fied. In such cases there is no objection to departing 
from the standards. If, however, protein feeds are 
high in price, it may be economical to feed a wider 
nutritive ratio than is specified in the table. The 
answer to these questions depends on the judgment 
and experience of the feeder. 
It is impossible in a bulletin to describe all the 
short cuts by which the calculation of rations may be 
simplified but a few examples will demonstrate the 
more important principles. 
Using a simple e~mple, a ration is to be calcu-
lated for pigs weighing 50 lbs. from corn and tankage. 
The standard specifies how much of the air dry feed 
should be consumed and what quantity of crude pro-
tein l and total digestible nutrients it should supply. 
The standard daily requirements for a 50 lb. fatten-
ing pig are as follows. 
50-lb. pig 
Air-dry 
feed 
lbs. 
3.0 
Crude 
protein 
lbs. 
0.55 
Total 
digestible 
nutrients 
lbs. 
2.3 
As a first estimate we will try a 9:1 ratio of com 
and tankage, 2.7 pounds of corn and 0.3 pounds of 
tankage, and calculate the nutrients it will supply. 
Feeds Crude Total 
Corn 
Tankage 
Total 
lbs. 
2.7 
0.3 
3.0 
protein digestible 
lbs. 
0.23 
0.16 
0.39 
nutrients 
lbs. 
2.16 
0.18 
2.34 
This comparison shows that the trial ration is de-
ficient in protein but that it agrees well with the stan-
dar4 in other respects. The deficiency can be corrected 
easily by adding 0.25 lb. tankage. 
Crude Total 
Protein digestible 
nutrients 
Final Trial Ration 
lbs. lbs. lbs. 
Com 2.40 0.21 1.92 
Tankage 0.55 0.33 0.92 
Total 2.95 0.54 2.30 
For another example, assume that a ration is to 
be calculated for a fattening steer that weighs 800 lbs., 
and that red clover hay, corn silage, and corn are on 
hand. In this case, it is assumed that 3 lbs. of red 
lIt should be noted that the standards for swine specify 
crude protein and not digestible crude protein. 
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clover hay daily per steer is available and that there is 
enough corn silage on hand for any reasonable level 
Ration for a Fattening Yearling Steer 
Weighing 800 pounds. 
Feeds Air-dry Digestible Total 
weight protein digestible 
nutrients 
lbs. lbs. lbs. lbs. 
First Trial Ration 
Red clover hay 3 3.0 0.21 1.57 
Corn silage 20 6.1 0.24 3.62 
Corn 10 10.0 0.66 8.01 
Total 19.1 1.11 13.20 
Standard 22.0 1.5 14.00 
Final Trial Ration 
Red clover hay 3 3.0 0.21 1.57 
Corn silage 40 12.2 0.48 7.24 
Corn 5.3 5.3 0.35 4.25 
Cottonseed 
meal 1.3 1.3 0.47 0.99 
Total 21.8 1.51 14.05 
Alternative Ration 
Red clover hay 3 3.0 0.21 1.57 
Corn silage 12 3.7 0.14 2.17 
Corn 11.8 11.8 0.78 9.45 
Cottonseed 
meal 1.0 1.0 0.36 0.76 
Total 19.5 1.49 13.95 
of feeding. The supply of corn grain is limited but it 
and other concentrates may be purchased. The first 
trial ration was made of 3 lbs. of clover hay, 20 lbs. of 
corn silage and 10 lbs. of corn, as shown under "First 
Trial Ration." 
The First Trial Ration was low in all respects. 
Since the weight of air-dry feed is low, it would be 
possible to increase the amount of silage and decrease 
the amount of corn grain. A supplement would be 
needed to bring the protein content up to standard. 
The "Final Ration" meets the standard. 
As far as response of the steer was concerned, the 
weight of air-dry feed was not too low in the First Trial 
Ration. The weight could be lowered even more, pro-
vided the amounts of digestible nutrients were 
brought up to the standard. The standards are de-
signed to encourage the maximum use of roughage 
in cattle feeding and purposely specify a relatively 
high intake of dry matter. In the Alternative Ration, 
the amount of corn silage was lowered and the amount 
of corn grain was raised materially. If prices make such 
a ration profitable, there is no objection to its use. 
Before leaving the subject of balanced rations, 
it should be mentioned that some classes of animals 
can be permitted to balance their own rations if suit-
able precautions are taken. In this type of feeding, 
carbonaceous concentrates are placed in one compart-
ment, nitrogenous concentrates in another, and min-
erals in a third compartment. The most conspicuous 
success from self-balanced rations has been attained 
with growing, fattening swine. 
ESTIMA TING FEED VALUE 
Estimating the value of a feed from its guaranteed 
analysis will be considered next. The state feed law 
requires that all prepared feeds shall be sold on a guar-
antee of the analysis. Corn, ,wheat, oats, and hay, do 
not require an analysis, but bran, shorts, linseed oil 
meal, cottonseed meal, tankage, and all ready mixed 
feeds must be sold on guarantee. This law is adminis-
tered by the State Commissioner of Agriculture and 
bulletins are published giving the results of the in-
spection of Missouri feeds. Examination of these pub-
lications shows that the guaranteed analyses are usual-
ly correct. To get the most out of this inspection, how-
ever, the buyer should be able to look at the tag and 
decide at once whether it is the feed that suits his pur-
pose. 
As mentioned previously, starch or nitrogen-free 
extract can be used for maintenance or for fattening. 
As a rule it is the cheapest nutrient that can be fed. 
In estimating the value of a feed, nitrogen-free ex-
tract should be given a rating comparable to that of 
corn. Feeds that contain a large percentage of this nu-
trient are carbonaceous concentrates. 
A balanced ration contains considerable protein. 
While this is nearly always the most expensive nu-
trient in first cost, if a ration contains too little, the 
rate of growth, fattening, or other production is re-
tarded. It is expensive to feed too little protein. It also 
is expensive to feed too much, for the excess is wasted. 
The provision of an adequate protein supply is probab-
ly the most difficult problem in Missouri. 
Feeders frequently have asked if it is economical 
to buy molasses instead of protein concentrates, such 
as cottonseed meal. Molasses may be very useful if 
properly used, but it is high in sugar, a carbohydrate, 
and contains practically no protein. Molasses may be 
combined with a protein concentrate but it is in no 
way a substitute for protein. 
Let us now return to the use of feed tags. A buyer 
who has plenty of corn is interested only in the a-
mount of protein in the feed. Inspection of the Mis-
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souri Feed Bulletin shows that feeds range in protein 
content all the way from 10 to 60 percent. There is 
no use in considering feeds that contain only 10 per-
cent, for corn contains that much. 
Suppose, however, two feeds are being considered, 
one of which contains 20, the other 40 percent of pro-
tein. The first sells for $3.80 per hundred pounds, the 
other at $4.30. Which is the cheapest? In the first 
case the buyer gets 1 pound of protein for 19.0 cents 
(20% of the 100 lbs. in the sack equals 20 lbs. of pro-
tein; $3.80 divided by 20 lbs . equals 19¢ per lb.) In 
the second he gets 1 pound for 10.75 cents. 
Price per cwt. Protein Cost per lb. protein 
percent 
$3.80 
$4.30 
20 
40 
19 ¢ 
1O%¢ 
Suppose, however, it becomes necessary to buy all 
the feed. Com and protein can be purchased separately, 
by obtaining such supplements as linseed oil meal, 
cottonseed meal, or tankage. A mill feed, bran, shorts, 
or mixed feed that contains a considerable quantity 
of nitrogen-free extract, in addition to protein also may 
be available. How to decide whether to take it or buy 
corn and the protein supplement separately. There 
is a simple rule which is helpful. Example: 'A mixed 
feed which contains 15 percent of protein is offered 
at $3.60 per cwt. Corn, which contains 9 percent of 
protein, may be purchased at $3.00 per cwt. and soy-
bean oil meal, which contains 45 percent of protein, 
at $4.50 per cwt. 
The problem is to mix corn and soybean oil meal 
in such proportions that the mixture will contain 15 
percent of protein. It will then be possible to calculate 
which is the cheapest, corn and soybean oil meal or 
the 15 percent mixed feed. The method of calculation 
is as follows: The percentage of protein in corn (9) 
is subtracted from the desired percentage (15) . The 
difference is 6; therefore 6 pounds of soybean oil meal 
are set aside. The percentage of protein in the mixture 
(15) is subtracted from the percentage of protein in 
soybean oil meal (45). The difference is 30, therefore 
30 pounds of corn are set aside. If the 30 pounds of 
corn and the 6 pounds of soybean meal are mixed the 
mixture will weigh 36 pounds and will contain 15 per-
cent of protein. At the prices given, the corn would 
cost 90 cents and the soybean meal 27 cents. The 36-
pound mixture would cost 117 cents or $3.25 per cwt. 
With this information the purchaser is in a better 
position to decide which combination he prefers. Here 
is a handy diagram to use in figuring amounts of feeds 
to mix ro give a certain percentage of protein. 
Concentrate lbs. to mix 
Corn .. .. ... ... 9. 30 lbs. Corn 
""/ Supplement 15 
Soybean oil / "" 
meal .. . .. .. 45 6 lbs. Soybean 
oil meal 
30 pounds corn at 3 cents . . ....... ... 90 
6 pounds soybean oil meal at 4.5 cents 27 
36 . ..... ...... .. . ..... . ..... .. .. . 117 
100 pounds mixture at 3.25 cents ..... $3.25 
There is one other constituent that should be 
noticed, especially when buying feeds low in protein. 
That is crude fiber. Suppose a feed runs 12 or 13 per-
cent protein, and 15 percent crude fiber. It should be 
remembered that crude fiber has practically no market 
value and that, other things being equal, a feed with 
a high fiber content should sell lower than one that 
contains 5 percent or less. If a feed is to be used as a 
concentrate it should not contain much over 10 per-
cent crude fiber as a maximum. 
PREPARATION OF FEEDS 
Various methods of preparing feeds have found 
favor in special cases but it should be pointed out that 
under average conditions they offer no marked advan-
tages. Coarse grinding of feed usually increases the 
digestibility. For calves under nine months and for 
all sheep this is seldom enough to pay the cost of 
grinding. The smaller grains, such as wheat, rye, or 
kafir, are exceptions, as they have hard coats that are 
not easily broken in the digestive tract. If grinding 
is not practicable these grains may be made more di-
gestible by soaking. Feeders are often urged to grind 
roughages, such as alfalfa, but actual trials indicate 
that this process usually is unprofitable. 
Attempts also have been made to increase digesti-
bility by subjecting feeds to chemical action. It is pos-
sible to use strong chemicals that will digest crude 
fiber in the laboratory, and make most of it as digest-
ible as corn starch. A number of attempts have been 
made to find a mild treatment for roughage, such as 
corn stover, that will convert it into highly digestible 
material comparable to corn. A device advertised for 
this purpose is often called a predigester. This process 
requires expensive equipment and, furthermore, does 
not work. Attempts are being made to improve low 
grade feeds by culturing them with yeast, or with cer-
tain types of bacteria, and then allowing the culture 
to stand for a suitable period. There is no doubt that 
such a procedure can increase the amount of true pro-
tein and of vitamins in the mixture, but the usefulness 
of the procedure has not been demonstrated. 
.. 
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SPECIAL PROPERTIES 
OF FEEDS 
Soft Pork 
In addition to the chemical composition of a feed 
certain other characteristics require some mention: 
One of these is the presence in some feeds of fat that 
is soft at ordinary temperatures. The fat of our domes-
tic animals is ordinarily solid, and when chilled it is 
fi~m enough that the meat can be evenly and neatly 
sh.ced. If ~ogs are f~d much of certain liquid fats, these 
wIll be laId down In. the body without undergoing 
much. chang~, produC1?g soft pork. Such pork is flabby 
and oIly, even III a refngerator. It is very objectionable, 
both .to the butcher and to his customer. Soybeans 
contalll nearly 20 percent of a soft oil. Pigs fed largely 
on soybeans produce soft pork. Strangely enough, 
cottonseed oil is said to produce a firm body fat. 
Prussic Acid 
Some feeds are poisonous occasionally. For ex-
ample sorghum, Sudan, and Johnson grass have been 
reported killing livestock at times. A careful examina-
of any of these plants nearly always will show that 
they contain a trace of prussic acid, one of the most 
deadly poisons known. The amount is usually so small 
that is it of no consequence but occasionally it will 
accumulate, suddenly becoming dangerous. There is 
no known. way to eliminate this hazard. If poisonous 
sorghum IS cut and either cured or put in a silo, the 
poison will rapidly leave and in a few days the feed 
can be used safely. Prussic acid also is found in the 
leaves of the wild cherry. 
Cottonseed Meal 
Cottonseed meal is mildly poisonous to swine. 
It should not make up more than lO percent of their 
rations. It is deficient in the amino acid lysine. Poul-
try and swine grow slowly if cottonseed meal is the 
only protein concentrate they receive. Large quantities 
may be fed to cattle and sheep without danger. 
Sweet Clover 
Hay made from sweet clover occasionally is poi-
sonous. The poison is believed to be found only in 
moldy hay, but the conditions that govern its devel-
opment are uncertain. Cattle are most subject to this 
disease, though it may occur in sheep. Horses are not 
affected by this toxin. Rabbits react as readily as cat-
tle and are sometimes used to test suspected hay. 
. The toxic substance acts on the blood, preventing 
It from clotting. If affected cattle are dehorned or 
wounded in any way they may bleed to death. Internal 
hemorrhages also may occur, especially in muscles 
of the rump, thigh, neck, or shoulders. The blood 
tends to co~lect i.n P?ckets and the swelling that re-
sults sometlmes IS dIagnosed as blackleg. An animal 
may recover from a mild attack but in severe cases 
it will b.leed to ?eath. ~assive do;es of vitamin K give 
protection agalllst thIS type of toxicity but may fail 
to rescue an animal that is severely affected. 
H7morrhagic diseases are reported infrequently. 
There IS some reason to believe that they are more 
common than is realized but if so there is no definite 
explanation. The excessive bleeding could be a heredi-
tary weakness. It could be caused by moldy sweet 
clover, or possibly by some other toxic agent. 
Forage Poisonin2: 
A number of cases of fOrage poisoning have been 
reported. Cause of the disease is obscure. There is no 
kn~wn meth~d of p.reventing it. Some investigators 
belIeve the dIsease IS caused by bacteria and that it 
is similar to ptomaine poisoning in man. Horses and 
cattle are killed sometimes by the cornstalk disease 
but the origin of the trouble is uncertain. One ex-
planation is that the stalks do not become thoroughly 
dry, and the agent of the disease forms as the stalks 
slowly decompose. 
Tonics and Condiments 
The stock foods in common use are mixtures of 
mineral and organic compounds. It was formerly sup-
posed that they had some special value in maintaining 
livestock in a thrifty condition, in warding off disease, 
and in increasing the rate of gain per pound of feed 
consumed. Such mixtures have only two legitimate 
uses. First, they may be used as medicine in the treat-
ment of sick animals but in such cases the disease 
should be diagnosed and the treatment prescribed by 
a competent veterinarian. Second, as mentioned be-
fore, they may be used as mineral supplements. If, 
however, animals are well and fed properly, their per-
formance is not believed to be improved by supply-
ing them with tonics or condiments. It is the opinion 
of the University of Missouri authorities that unskilled 
medication is often harmful and seldom helpful. 
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FERTILIZER CONTENT 
OF FEEDS 
There is another aspect of feeds that requires more 
attention than it ordinarily receives. That is their con-
tent of substances that contribute to soil fertility. Few 
soils are inexhaustible. They are slowly but surely 
depleted if the plant growth is continuously removed 
and no precautions are taken to return plant food to 
the soil. Livestock feeding is recognized as an essen-
tial for a permanent system of agriculture. There is 
no better way to maintain soil fertility than to feed 
livestock and return manure to the soil. 
The fertilizing constituents in which we are in-
terested are nitrogen, phosphorus, and potassium. Of 
course the value of the manure excreted depends on 
the degree of success in having it returned to the soil. 
It is worthwhile to examine the various crops for their 
fertilizing constituents and make some estimate of 
the amount they contain. It is possible then to com-
pare the price of the feed with the expense of buying 
high grade fertilizers to replace fertilizer constituents 
contained in the crop. A few of the more common 
commercial feeds have been included in the Table 7 
comparisons. The value of the fertilizer constituents 
voided in the manure, both liquid and solid, also may 
be calculated. Such calculations are only approximate 
because the prices, especially of feed, are variable. 
Furthermore, it is difficult to estimate what propor-
tion of the fertilizer constituents of feed will be stored 
in the bodies of animals and what proportion will be 
voided in the manure. For example, a mature horse 
voids as much as it consumes. A growing pig.; how-
ever, stores considerable quantities of nitrogen and 
phosphorus, and small quantities of potassium. For 
these calculations it is assumed that at least 70 percent 
of the nitrogen consumed is excreted. Some of this 
will be lost by fermentation, so it is assumed that 65 
percent of the nitrogen consumed may be returned 
to the soil. At least 80 percent of the phosphorus and 
potassium consumed will be returned to the soil. With 
these assumptions it is possible to calculate the value 
of the fertilizer constituents that may be recovered 
in manure, as shown in Table 7. 
TABLE 7--LIVESTOCK FEEDING AIDS IN MAINTAINING SOIL FERTILITY 
Fertilizer Constituents in Feeds~ Value of fertilizer 
Phos- Potas- Cost of constituents 
Nitrogen phorus sium feed Consumed Excreted 
(N) (P205) (K20) per ton 
Percent Percent Percent $ $ $ 
Alfalfa Hay 2.31 0.51 0. 92 25.00 7.95 5.49 
Clover Hay 2.08 0.39 2.04 22.00 8.80 6.26 
Timothy Hay 0.85 0.26 0.68 18.00 3.55 2.51 
Corn 1.39 0.60 0.41 60.00 5.06 3.53 
Oats 1.74 0.90 0.50 60.00 6.5'7 4.60 
Wheat 1.65 0.85 0.62 66.00 6.43 4.52 
Wheat bran 2.52 2.54 1.58 58.00 12.78 9.28 
Wheat Middlings 3.01 2.01 1.23 64.00 12.63 8.97 
Cottonseed Meal 5.74 3.10 1.99 85.00 22.36 15.73 
Linseed Oil Meal 5;68 1.61 1.32 98.00 18.77 12 .. 89 
Soybeans 6.31 1.36 2.30 85.00 21.36 14.72 
Tankage . 9.37 3.73 0.66 90.00 30.54 20.91' 
*Recalculated from Ohio Agr. Exp. sta. Bul255, by E. B. · Forbes, F. M. Beegle, and 
J. E. Mensching. 
